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Kidney  slices  i'rmn  tliyroideetoinized  nits  ineuliated  in  Rin<^er-aniin«>  acid 
media  syntln'sized  ennsideralile  amounts  of  slueose,  espiadally  from  L-|)roline. 

With  added  thyroxine  the  amount  of  f^lueose  found  slif^htly  exei'eded  tliat  of 
the  controls  when  incubated  at  d7°.  When  slices  weri'  incubated  at  .0  and 
the  amount  of  frlucose  found  in  the  tliyroxine  vessels  (greatly  exceeded  that  of 
the  controls.  Similar  ilifferences  I'xisted  in  th(“  oxyjfen  consumption  values. 
Thyroxine  aiipeared  to  iirotect  enzyme  systems  involved  in  oxyf^im  eonsum))- 
tion  as  well  as  {JiluconeoRenesis  from  deterioration  at  .'i®.  'I'liyroxine  effects, 
although  noted  at  'M°.  were  always  associated  with  an  otluuwise  metaboli- 
cally  failin}>;  system. 

THI-'  addition  of  certain  amino  acids  to  Krclis  Rinf^cr  solution  produciul 
a  marki'd  incri'asc  in  oxygim  consumption  of  kidney  cortex  slic(*s  from 
lhyroid(‘ctomized  rats  (1,  2).  With  various  suhstrati's,  the  imdaholic  rate 
was  hetti'r  maintained  in  tlu'  presence*  of  thyroxine  (T4)  than  in  its  ah.sence 
I,  R).  Because*  this  T4  e*tTect  was  gre*ate*st  in  the*  pre*se*nce*  of  proline*  (1), 
'tuelies  are*  he*re*  reporte*el  of  re*spiratory  anel  carhohyelrate*  changes  eluring 
j)rolonge*el  pe*rioels  of  incubation. 

Kielne*y  tissue  is  re*porte*d  to  increase*  synthesis  of  carhohyelrate  in  the* 
pre'.sence*  of  such  compounels  as  pyruvate,  ace*tate*,  lactate,  butyrate,  fuma- 
late,  malate,  succinate,  a-ketoglutarate,  ace*toace*tate,  glutamate,  alanine, 
icetone*  be)elie*s,  anel  glye“e*rol  (4-4)).  Fnpublishe*el  ivsults  from  this  labora- 
'ory  pe*rmit  the*  adelition  eif  .sorbitol,  ornithine*  anel  proline*. 

-Vlthough  glucose*  has  be*e*n  wiele*ly  use*el  as  substrate*  for  a  varie*ty  eif 
issues,  we  have*  founel  its  use*fuhu*ss  very  limite*el  in  maintaining  inetabe)- 
isni  of  kielney  corte*x.  It  has  little*  e*tTe*ct  upem  e)xyge*n  consumption  anel  we* 
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concur  with  tlic  fiiulinss  tliut  only  slif^ht  utilization  can  he  (huuon.xtratial 
4,  o,  10).  Then*  is  also  evidence  that  net  (lisapp(‘aranc(‘  can  only  lx*  demon- 
strat(“d  aft(‘r  deph'tion  of  (*ndogenous  gluco.se  pn'cur.sors  or  at  a  time  when 
tlx*  ti.ssiu*  was  otherwise  metaholically  failing.  This  failing  syst(*m  is  fur- 
th(*r  n(*c(*ssary  for  demonstration  of  a  clear-cut  in  vitro  T4  (*ITect.  An  (*ff(*ct 
wh(*r(*in  maint(*nanc(*  of  respiration  app(*ars  mon*  intimately  conn(*ct(*d 
with  proc(*ss(*s  r(*lat(*d  to  glucon(*og(*nesis  than  gluco.sc*  oxidation. 

METHODS 

Tliyit)i<lt“t  t«)iniz(‘<l  male  Spraf^ue-Dawley  rats  were  list'd  lollowinjf  posteiJerative  pe¬ 
riods  of  at  least  six  wet'ks.  While  under  light  ether  anesthesia,  they  weri'  sacrificed  by 
exsangnination  from  the  abdominal  aorta.  Hoth  kidneys  were  quickly  removed,  iilaced  in 
cold  Krebs  Ringer  .solution  and  cortex  slices  iirejiared  according  to  the  Dentseh  technique 

(11) .  The  .5.5  to  .57  mg.  frt'sh  weight  of  tissue  was  added  to  each  chilh'd  Warburg  vessel 
containing  2.7  ml.  of  Krt'bs  Ringer  incubation  medium  with  gliicosi'  (.5S0  to  009  /ng.)  or 
an  amino  acid  (0.02  .M).  .Vs  de.scribed  jirevionsly  (2).  TT'^  was  addetl  as  0.3  ml.  of  1 .3  X  10  - 
niM  ill  0.00.5N  NaOH  and  0.9%  NaC'l.  A  corresponding  control  (blank,  Bl)  solution  was 
used  for  the  non-T4  vt'ssi'ls.  C'are  was  taken  that  the  initial  pH  of  all  comi)l(*t(*  mixtures 
of  solutions  was  7. .50  ±0.0.5.  When  additional  proline  was  to  be  tipped  in,  0.16;5  ml.  of  0.4 
M  solution  adjusted  to  pH  7. .50  was  placed  in  the  sidesacs  of  appropriate  vessels. 

When  their  contents  were  complete,  the  vi'ssels  were  flushed  with  oxygen  and  mounted 
on  the  manometers.  After  a  1.5-minute  37°  equilibration  at  a  shaking  rate  of  90  iier 
minute,  oxygi'u  consumption  was  measured  over  one  hour.  ,V11  Qd.,  values  are  /xl.  of 
oxygen  consumeil /  ing.  wet  weight  tissue,  hour.  The  vi'ssels  to  be  kept  in  the  cold  be¬ 
tween  Q<,.j  iletorminations  were  immediately  placed  in  an  ice  and  water  bath  upon  with- 
ilrawal  from  the  37°  temperature.  They  were  then  flushed  with  oxygen,  capped  with 
Barafilm  and  jilaced  in  a  cold  room  at  .5°.  For  any  succeeding  determination,  the  ves.sels 
were  again  flushed  with  oxygen  and  equilibrated  for  1.5  minutes  at  37°  before  starting  the 
oxygi'ii  consumption  measurement  over  at  least  oix*  hour.  Insignificant  bacterial  con¬ 
tamination  was  found  under  these  circumstances,  but  special  precautions  were  necessar\ 
in  experiments  involving  37°  incubation  for  longer  than  six  hours.  Sodium  penicillin  (i 
and  stri'ptomycin  sulfate  wen*  added  in  amounts  of  184  /ig  (300  units)  and  300  /ug  per 
vessel,  resjx*ctively.  Thi*se  amounts  did  not  alter  the  oxygen  consumption  or  other 
metabolic  activity  of  tissue  slic(*s  incubated  up  to  6  hours  at  37°  or  for  3  days  at  alti'rnat- 
ing  temperatures  of  37°  and  .5°,  as  described  above. 

For  analyses,  the  Warburg  vessels  were  immediately  placed  in  an  ice  and  water  bath, 
tlx*  tissue  removed  and  the  vessel  contents  centrifuged  to  remove  any  particulate  mattei 
remaining  in  suspension.  In  some  instances,  the  tissue  was  homogenized  in  the  incuba¬ 
tion  medium  and  the  supernatant  used.  Protein  was  precipitated  with  trichloroacetit 
acid.  Carbohydrate  was  determined  according  to  the  anthrone  method  of  Hanson  el  at. 

(12) .  Comparison  with  a  glucose  oxidase  procedure  (13)  demonstrated  the  carbohydratt 
in  several  rejiresentative  solutions  to  be  glucose.  Recoveries  of  C'^-glucose  by  paper 
chromatography  after  incubation  experiments  using  universally  labeled  C''^-proline  wen 
in  agreement  with  the  chemical  determinations  (unpublished  results).  The  “initial 
carbohydrate”  level  was  that  presi'iit  in  a  homogenized  tissue  aliquot  not  loaded  into  a 
Warburg  vessel. 

-  The  I.-thyroxine  used  in  this  study  was  a  gift  from  Dr.  H.  L.  Fevold,  Baxter  Labora¬ 
tories.  Morton  (Irov**,  Illinois. 
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Fig.  1.  Effoct  of  various  sui)strat(‘s  on  motabolism  and  KliiconooKenesis  of  rat  kidney 
cortex  ineid)ated  for  3  days  at  5°  with  appropriate  periods  each  day  at  37°  for  measure¬ 
ment  of  ox3’Ken  consumption.  Above  is  shown  each  initial  Qo,,  for  a  substrate  vieldin^ 
tlie  stippled  bar  value  for  its  'i'hj  roxine  (T4)  Maintenance  Value,  a  (luantitative  expres¬ 
sion  of  T4  superiorit.v  over  controls  (HI).  Helow,  pain'd  bars  rejiresent  the  amount  of 
(jlucose  present  after  incubation  in  each  medium  containing  blank  (HI)  or  th.vroxine 
(  I'd).  The  45  nf'  starting  endogenous  carbohydrate  level  is  shown  bj'  the  small  cross- 
hatched  portion  of  each  bar.  The  single  bar  at  the  lower  left  represents  the  starting  carbo¬ 
hydrate  level  in  the  instance  when  (KM)  /xg  of  gluco.se  were  added  to  the  45  /xg  of  endoge¬ 
nous  carbohydrate. 


RESULTS 

Invuhalion  at  AUernaling  Temperatures  of  37°  and  5°  C 

Support  of  respiration  and  gluconeogenesis  hg  different  substrates  (Fig.  1). 
'•’he  initial  Qoj  was  lowest  with  Ringer,  Ringer-glucose  and  Ringer-D- 
g'.utamic  acid  as  shown  at  the  top  of  Figure  1.  In  contrast,  the  addition  of 
1  -ornithine,  DL-alanine,  L-proline  or  L-glutamate  increased  the  initial 
(*()„.  In  no  instance  was  there  a  significant  ditTerc'nce  Retween  the  blank 
<  'll)  and  thyroxine  (T4)  vessels  at  this  time. 

The  upper  bar  graph  plots  the  ‘'T4  Maintenance  Value”  (2).  This  is  the 
s  iin  of  the  differences  between  B1  and  T4  determiru'd  after  1,  2  and  ‘3  days 
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of  incubation,  l)ascd  on  the  initial  Qo,  in  each  substrate  shown.  As  the  name 
suggests,  the  Maintenance  Value  is  a  quantitative  expression  of  T4  su¬ 
periority  over  each  appropriate  control.  Although  all  these  substrates  sup¬ 
ported  an  effect  of  T4  on  respiration,  only  proline  was  better  than  Ringei 
(endogenous)  or  Kinger-ornithine  in  maintaining  the  initial  Q()2. 

The  far  left  bar  below  (‘Tnit.  CIIO”)  shows  the  total  .starting  carbohy¬ 
drate  in  the  vessels  containing  600  /xg  of  glucose  added  at  the  start  plus  the 
initial  determined  tissue  value  (45  gg).  The  remaining  lower  columns  repre¬ 
sent  the  quantities  of  glucose  present  at  the  end  of  each  3-day  experiment, 
comparing  blank  ve.s.sels  with  T4  for  each  medium  shown.  The  first  pair  of 
bars  (“Ring,  glue.”)  demonstrates  disappearance  of  glucose  from  the 
Ringer-glucose  solution.  The  .slightly  larger  quantity  remaining  in  the  T^ 
vessel  over  that  in  the  blanks  is  duplicated  in  the  Ringer  (no  added  glu¬ 
cose),  suggesting  greater  synthesis  from  endogenous  precursors  rather  than 
depressed  oxidation.  No  net  carlmhydrate  .synthesis  was  obtained  from 
D-glutamate  and  only  small  amounts  from  ornithine.  DL-Alanine  yielded 
somewhat  more  glucose,  as  did  L-glutamate,  Bl  and  T4,  and  L-proline 
without  T4.  Proline  proved  greatly  superior  to  all  other  sulxstrates  in  its 
ability  to  support  gluconeogenesis  in  the  presence  of  T4,  corresponding  to 
its  much  higher  T4  Maintenance  Value.  The  reason  for  choo.sing  600  ng  of 
glucose  in  the  Ringer-gluco.se  expx'riments  was  to  duplicate  the  carbohy¬ 
drate  levels,  reach(*d  during  several  preliminary  incubations  in  Ringer- 
proline.  It  will  be  noted  that  the  average  glucose  v’alue  in  the  Ringer-prolinc 
vessels  shown  in  Figure  1  was  actually  770  fig. 

Thyroxine  protection  against  deterioration  following  cold  exposure.  In 
Figure  2,  all  vessels  were  incubated  in  L-proline  at  37°  for  1  j  hours  at  the 
start.  The  values  for  Day  0  exhibited  no  differences  between  blank  andT4 
v’es.sels,  either  in  Q(>j  or  carbohydrate  levels.  However,  after  an  intervening 
23  hours  at  5°,  an  additional  incubation  for  1 1  hours  at  37°  produced  a  45 /V 
fall  in  Qoj  of  the  Bl  vessels  whereas  the  T4  vessels  increa.sed  12%.  On  days 
2  and  3  the  control  tissues  consumed  oxygen  at  only  18  and  8%,  respec- 
tiv’ely,  of  the  initial  rate,  while  those  with  T4  were  maintained  at  108  and 
95%.  After  the  first  day’s  exposure  to  5°  there  was  little  glucose  increa.se  in 
the  controls  but  the  vessels  containing  the  T4  continued  to  produce  glucose 
throughout  the  entire  incubation  period. 

This  series  of  carbohydrate  determinations  was  carried  out  after  each  37^ 
incubation,  and  does  not  reveal  how  much  of  the  T4  effect  was  exerted  at  5’ 
and  how  much  at  37°.  This  point  is  examined  more  fully  in  Figure  3.  Tic- 
three  sets  of  bars  to  the  left  show  little  if  any  T4  effect  on  oxygen  consump¬ 
tion  over  9  hours  of  incubation  at  37°.  At  the  .same  time*  a  steady  glucos  ' 
production  took  place  in  both  blank  and  T4  v'essels.  Another  set  was  ami- 
Iyz(*d  directly  after  48  hours  of  incubation  at  5°  without  prior  exposure  to 
37°.  They  reveal  only  a  slight  amount  of  gluconeogenesis,  in  both  Bl  am 
T4.  During  the  next  3  hours  at  37°,  glucose  production  ro.se  in  both  blanl 
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Fig.  2.  Effect  of  thyroxine  on  the  metabolism  of  kidney  cortex  incubated  for  3  days  in 
Ringer-lSmM  L-proline.  The  top  bar  {jraph  compares  the  maintenance  of  initial  Qo, 
between  blank  (Bl)  and  thyroxine  (T4)  vessels.  The  lower  graph  represents  the  amount 
of  glucose  present  in  the  blank  and  T4  vessels  beyond  that  amount  initially  present  in 
the  tissue,  shown  b\'  the  cross-hatched  lower  portions.  See  text  for  complete  explanation. 

and  T4,  but  only  in  the  latter  did  it  approach  the  .‘1-hour  increment  of 
vessels  not  exposed  to  .5°.  ^^'hile  the  control  carbohydrate  levels  fell  at  0  and 
9  hours,  T4  v(‘ssel  values  ro.se  somewhat,  but  never  to  tho.se  reached  during 
the  continuous  37°  incubation. 

The  oxygen  consumption  n'sults  were  even  more  dramatic.  In  the  T4 
vessels,  the  Qoj  was  maintained  at  lOo,  105  and  99%  of  the  original  initial 
Qoj  at  .3,  6  and  9  hours,  re.spectively.  This  was  in  contrast  to  the  rapid 
failure  of  the  blanks,  dropping  from  58%  at  3  hours  to  19%  at  9  hours.  It 
thus  seems  probable  that  T4  must  be  protecting  the  enzyme  .systems  in¬ 
volved  in  oxygen  consumption  as  well  as  glucom^ogenesis  during  storage  at 
5°.  This  deleterious  effect  of  cold  exposure  only  became  appanait  during  the 
37°  incubation. 

Effect  of  oxogenous  glucose  on  metabolic  rate  and  gluconeogenesis  in  the 
presence  of  proline  {Fig.  4)-  After  the  u.sual  15  minute  ecpiilibration  period, 
oxygen  consumption  was  measured  at  37°  for  1  hour  on  the  starting  day 
and  on  each  of  3  subsequent  days  of  storage  at  5°.  It  can  be  seen  from  the 
upper  half  of  Figure  4  that  the  addition  of  580  jug  of  glucose  to  the  Ringer- 
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Fig.  3.  Kidrtcy  cortex  slice  metaholisni  during  37°  incubation  iinnicdiately  (left  jxir- 
tion)  or  after  preincubation  at  5°  for  48  hours  (rigbt  jxirtion).  Oxygen  consuniidion  in 
blank  (Bl)  and  thyroxine  (T4)  vessels  is  above  in  each  instance  with  corresponding 
glucose  levels  bidow.  As  before,  tbe  small  cross-hatched  part  of  each  bar  represents  the 
carbohydrate  initially  present  in  the  unincubatial  tissue. 


proline  solution  from  the  beginning  had  little  effect  on  re.spiration  of  either 
Bl  or  T4  tissue.  However,  carbohydrate  analy.ses  following  the  37°  incuba¬ 
tion  on  Day  3  showed  that  thi.s  (juantity  of  exogenous  glucose  depressed  net 
gluco.se  synthesis  from  proline  by  about  100  mS  P<'r  vessel.  A  similar  exog¬ 
enous  glucos(‘  depre.ssion  of  glucom'ogimesis  has  been  obtained  during  0 
hours  of  continuous  incubation  at  37°  in  the  Ringer-proline  medium.  Per- 
centag(‘-wise,  the  decreas(‘d  gluconeogmiesis  is  far  less  in  the  T4  ve.s.sels. 

Incubation  at  Constant  Temperatures 

Comparison  of  gluconeogenesis  in  proline,  prol  in  e-glucose  and  glucose  media 
at  5°  {Fig.  5).  In  order  to  determine  lev’cls  of  gluconeogeimsis  attainable  at 
5°,  vessels  containing  3.0  ml.  of  Ringer-proline,  Ringer-gluco.se  (609  ng 
glucose  per  ve.ssel)  or  Ringer-prolim'-glucose  were  kept  at  for  one  to  three 
days,  without  expo.sure  to  37°. 

There  was  an  increased  amount  of  glucose  in  all  3  media  in  both  blank 
and  T4  ve.ssels.  After  3  days,  the  tissue  in  proline  plus  T4  had  produced 
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more  gluco.se  than  the  controls,  regardless  of  the  added  glucose.  The 
Ringer-glucose  vessels  still  contained  more  glucose  than  the  starting  levels 
although  less  than  on  Day  1.  The  additional  glucose  was  presumably  pro¬ 
duced  from  endogenous  metabolites  since  tissue  incubated  in  Ringer  alone 
showed  similar  increases  under  other  conditions  (Figs.  1,  6). 

Comparison  of  Ringer,  glucose,  L-proUne  and  L-glutamate  at  37°.  As  shown 
in  the  upper  portion  of  P''igure  b,  87°  incubation  of  kidney  cortex  slices 
without  added  substrate  (Ringer)  resulted  in  a  continuous  drop  in  Qo,  to 
less  than  50%  of  the  initial  level  by  9  hours.  With  000  of  added  glucose, 
the  initial  Q02  was  higher  (see  Fig.  1)  and  the  falling-off  was  slightly  less 
marked  as  shown  at  the  upper  right.  Figure  0.  Although  no  T4  effect  was 
seen  at  Ij  or  3  hours,  there  was  a  clearly  evident  action  at  0  and  9  hours, 
quantitatively  greater  in  the  presence  of  glucose,  but  proportionally  similar 
to  that  without  added  sub.strate. 

The  carbohydrate  levels,  in  the  lower  half  of  Figure  0,  were  highest  at  Ij 


Fig.  4.  Effect  of  exogenous  kIucosc  on  kidney  cortex  respiration  and  production  of 
glucose.  In  the  upper  graphs,  maintenance  of  initial  Qoj  of  the  blank  (HI)  and  thyroxine 
(T4)  vessels  in  a  Ringer-proline  medium  are  compared  over  a  3-day  jx'riod  with  those  in  a 
Ring(*r-|)roline-glucose  medium  (see  text).  The  bar  grajjhs  below  show  carbohydrate 
levels  after  the  three  days  at  5°,  with  the  usual  IJ  hours  exposure  to  37°  necessary  for 
Qoj  determinations  on  days  0,  1,2  and  3.  The  low(‘st,  cross-hatched  portions  show  the 
initial  tissue  carbohydrate  (52  /xg,  vessel)  and  the  intermediate  cros.s-hatched  portions 
the  5S0  MS  of  glucose  added  per  vessel.  The  plain  (HI)  and  stippled  (T4)  portions  repre¬ 
sent  gluconeogenesis  in  the  appropriate  ves.sels. 
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DAYS  INCUBATION  (5°) 

Fig.  5.  Effect  of  thyroxine  on  glueoneogenesis  by  kidney  tissue  held  at  5°.  Carbo¬ 
hydrate  levels  of  blank  (Bl)  and  thyroxine  {T4)  vessels  are  compared  in  three  different 
media,  Ringer-proline,  Ringer-proline-glueose  and  Ringer-glucose.  When  added,  exoge¬ 
nous  glucose  was  609  /ag  vessel,  shown  as  the  larger,  intermediate  cross-hatched  portions 
of  the  bars.  The  initial  tissue  carbohydrate  level  of  48  /ag/vessel  is  represented  by  the 
lower  cross-hatched  portion. 

hours,  showing  gluconoogonesis  from  ondogt'nous  precursors.  Thereafter, 
the  amount  prescmt  decreased,  indicating  not  only  depletion  of  precursors, 
but  a  considerable  utilization  of  the  exogtmous  glucose.  In  no  instance  was 
there  a  significant  T4  difference.  The  data  in  Figure  1  show  that  the  initial 
Qo,  was  .some  20%  higher  in  Hinger-gluco.se  over  Ringer  alone.  In  a  9-hour 
period  the  production  of  C'^Oo  from  UC*^  gluco.se  accounted  for  a  maximum 
of  18%  of  the  oxygen  consumed  with  oxidation  of  endogenous  nitrogen- 
containing  substrates  accounting  for  an  additional  35  to  45%  (14).  Thus, 
35-45%  of  the  endogenous  oxygen  consumption  is  unaccounted  for  and 
must  be  pre.sumed  to  be  at  the  expense  of  lipid. 

In  the  presence  of  L-glutamate,  the  initial  rate  of  respiration  was  24% 
higher  than  with  L-proline  (Fig.  7),  but  the  higher  rate  was  not  maintained 
beyond  3  hours.  In  the  pre.sence  of  proline,  the  Qoj  increased  to  120%  of  the 
initial  by  6  hours  and  was  above  the  initial  level  even  after  12  hours.  Al¬ 
though  a  difference  in  respiration  between  the  control  and  T4  vessels  had 
just  appeared  at  12  hours  with  proline,  such  a  T4  effect  was  clearly  present 
as  early  as  6  hours  in  the  deteriorating  glutamate  system.  The  importance 
of  a  failing  system  for  demon.st ration  of  a  clear-cut  in  mtro  T4  effect  on 
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metabolism  has  been  noted  before,  although  its  full  significance  is  still  a 
matter  for  conjecture. 

Except  for  the  3  hour  sample  of  the  L-glutamate  blank,  glucose  levels 
were  consistently  greater  in  the  T4  vessels  of  both  media. 

Long  term  incubation  in  L-prolinc  at  37°  (Fig.  8).  Oxygen  consumption 
determinations  between  the  oth  and  6th  hours  showed  a  10%  increase  over 
the  starting  value,  with  the  T4  tissue  slightly  ahead.  As  the  metabolic  rate 
fell  steadily  thereafter,  the  T4  superiority  became  more  evident.  At  18 
hours,  0.165  ml.  of  0.4  M  proline  solution  was  tipped  in  from  the  sidesac 
to  restore  the  starting  level  of  substrate,  as  determined  in  parallel  experi¬ 
ments.  After  tipping,  there  was  a  marked  upward  swing  in  net  glucose 
synthesis  in  the  presence  of  T4,  lasting  about  6  hours.  After  a  two-hour 
latency,  the  blanks  showed  a  comparable  rise,  not  maintained  as  well.  The 
additional  proline  had  little  effect  in  changing  the  oxygen  consumption  of 
either  B1  or  T4. 

The  extra  line  extending  from  the  12  hour  carbohydrate  point  shows  the 
rate  of  disappearance  of  glucose  from  the  Kingc'r-glucose  flasks  after  8  hours 
at  37°  (from  Fig.  6).  Since  the  glucose  levels  were  comparable,  the  some¬ 
what  slower  rate  of  fall  in  the  proline  flasks  suggests  some  continued  glu- 
conc'ogenesis.  Considering  the  marked  change  of  slope  from  6  to  12  hours,  it 


Fig.  6.  Metabolism  of  kidney  cortex  slices  during  continuous  37°  incubation  in  Ringer 
or  Ringer-glucose  medium.  The  Qoj  values  of  the  blank  (Bl)  and  thyroxine  (T4)  vessels 
are  compared  over  a  9  hour  period  at  37°  (top  bar  graphs).  As  before,  the  bottom  cro.ss- 
hatched  portions  represent  the  endogenous  carbohydrate  and  the  large  cross-hatched 
portions  the  exogenous  glucose,  commencing  with  the  initial  addition  of  600  /xg/vessel. 
Net  gluconeogenesis  is  shown  by  the  plain  or  stippled  bars  for  Bl  or  T4,  respectively. 
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Fig.  7.  Mcitabolisin  of  kidney  eortex  sliees  with  proline  or  glutamate  as  substrates. 
The  initial  (^Oj  and  maintenanee  of  blank  (Bl)  and  thyroxine  (T4)  are  eompared  above. 
Aeeompanying  earbohydrati*  ehanges  are  rei)resented  in  the  lower  bar  graphs.  The  initial 
tissue  earbohydrate  level  is  rejjresented  by  the  eross-hatehed  portion  of  each  bar.  Xet 
glueoneogenesis  by  the  blank  (Bl)  and  thyroxine  (T4)  vessels  are  shown  by  the  plain  and 
stii)i)led  bars,  respectively. 


i.s  obvious  that  either  (a)  glueoneogt'tiesis  was  (‘xtraordinarily  rapid  from 
0-0  hours  or  (b)  utilization  of  the  new  gluco.se  was  delayed  for  some  un¬ 
known  reason.  In  other  experiments  not  shown  here,  we  have  tippc'd  in 
additional  proline  at  0  hours.  As  in  Figure'  S,  there  was  no  change  in  Q^j, 
but  gluco.se  production  continue'd  to  9  hours  without  diminution  and  then 
showed  its  usual  decline.  This  sugge'sts  that  some'  enzyme  system  involved 
in  the  early  rapiel  glucone'ogenesis  from  proline  must  undergo  failure  after 
0-9  hours  at  .‘17°. 


Discussieix 

The  in  vitro  adeiition  of  thyroxine  to  thyroxine'-deficient  kidney  corte'x 
slices  eliel  not  affect  initial  rates  of  oxygen  consumption.  Over  extendeel 
periods  of  incubation,  its  aeldition  maintaine'd  re'.spiration  at  higher  levels 
than  the  controls.  During  continuous  incubation  at  .‘17°,  diffe'rences  between 
T4  and  control  oxygc'n  consumption  appean'd  at  0-9  hours  and  increased 
progn'ssively  with  time.  This  respiratory  effect  of  T4  was  apparent  even  in 
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Ringer  and  Ringer-glucose  media.  In  both,  an  initial  net  production  of 
glucose  occurred,  soon  followed  by  glucose  diminution.  The  addition  of 
alanine,  proline  or  glutamic  acid  to  the  Ringer  solution  established  a  higher 
initial  Qoj  which  continued  for  longer  periods  (except  with  glutamate)  and 
increased  net  glucose.  The  further  addition  of  T4  to  each  medium,  particu¬ 
larly  proline,  maintained  respiration  and  glucose  at  levels  {‘ven  higher  than 
those  obtained  by  the  .simple  addition  of  the  amino  acid.  With  glucose  as 
the  .sole  .substrate,  the  addition  of  thyroxine  .still  produced  better  mainte¬ 
nance  of  oxygen  consumption  but  did  not  affect  the  rate  of  glucose  disap¬ 
pearance. 

Incubation  at  5°  prior  to  that  at  87°  altered  the  metabolic  picture  by 
augmenting  the  differences  .seen.  The  mechanism  of  T4  in  protecting 
against  deterioration  occurring  in  the  cold  is  .still  unknown. 

Thyroxine  is  undoubtedly  affecting  gluconeogenesis  as  well  as  n^spira- 
tion,  for  when  the  ti.s.sue  was  incubated  in  proline  the  greater  the  gluconeo¬ 
genic  effect  the  gn^ater  the  respiratory  effect.  Exogenous  glucose*  had  little 
effect  on  respiration  and  the  pre.sence  of  T4  did  not  affect  ghico.se  disap- 


Fig.  8.  Effect  of  tipping  additional  proline  at  18  hours  on  metabolism  of  kidney 
cortex  slices  incubated  at  37°.  Oxygen  consumption  is  shown  in  the  ui)i)er  half  and  glu¬ 
cose  levels  in  the  lower.  .\s  indicated,  open  circles  are  control  vessels  (Bl)  and  .solid 
circles  (T4). 
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pearance.  The  rate  of  glucose  oxidation  was  slow,  at  the  most  accounting 
for  no  more  than  18%  of  the  oxygen  consumed. 

Shipley  (9)  found  that  rat  kidney  cortex  incubated  in  serum  utilized  no 
glucose  and  Sutherland  (8)  reported  a  decrease  in  oxidation  of  UC^^-glucose 
in  the  presence  of  acetate.  Ammonia  production  from  proline  in  our  experi¬ 
ments  was  little  affected  by  the  addition  of  exogenous  glucose  as  long  as  the 
respiration  was  well  maintained  (15).  Glucose  production  was  favored 
under  optimal  respirator^'  conditions  and  predominated  during  the  first 
hours  of  incubation,  regardless  of  substrate.  Soskin  and  Levine  (16)  sug¬ 
gested  that  in  nvo  the  kidney  synthesized  gluco.se  from  glucose  fragments. 
Sub.sequently  many  investigators,  studying  organ  function  through  various 
in  vii'o  surgical  procedures,  found  that  the  kidney  was  capable  of  forming 
gluco.se  (17-20).  More  recently,  renal  A-V  difference  has  indicated  that  the 
kidney  produced  4  to  13%  as  much  glucose  as  the  liver  (21).  The  absence  of 
physilogical  glycogen  synthesis  by  the  kidney,  together  with  its  limited 
glucose  utilization  undoubtedly  forms  the  basis  for  its  contribution  to  the 
blood  sugar. 

After  1  hour  of  incubation  of  kidney  cortex  slices  at  37°,  we  have  recov¬ 
ered  4%  of  the  carbon  from  UC'Lglucose  as  and  after  9  hours  25% 
(unpublished  result.s).  These  amounts  would  account  for  11  and  17%  of  the 
oxygen  consumed  during  the  respective  incubation  periods.  Serif  and  Wick 
(10)  have  also  shown  that  labeled  COo  was  produced  from  kidney  slices 
incubated  in'C'Mabeled  gluco.se.  Less  than  1%  of  either  the  Ci  or  Ce  labeled 
gluco.se  appeared  as  C‘^02  after  2  hours  incubation.  Accepting  their  figure  of 
150  MS  glucose  oxidized/gm.  tissue/hour  and  assuming  complete  oxidation 
to  CO2  and  a  Qoj  of  3.5  then  only  3.2%  of  the  oxygen  consumed  would  be 
due  to  glucose  oxidation.  The  observation  (22)  that  slices  of  rabbit  kidney 
cortex  tlid  not  accumulate  glucose  again.st  a  concentration  gradient  has 
been  explained  as  due  to  rapid  utilization  of  the  gluco.se.  This  hypothesis 
seems  questionable,  particularly  since  the  incubation  medium  contained 
acetate,  a  compound  which  increases  glucose  production  and  decreases 
glucose  uptake  (8). 
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THE  EFFECT  OF  THE  ADRENAL  AND  THYROID 
GLANDS  ON  ERYTHROCTTE  GLYCOLYSIS' 
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Saint  Louis,  Missouri 

ABSTRACT 

Thyroidectomizod  rats  (14  to  26  days  after  operation)  failed  to  show  a 
marked  change  in  erythrocj'te  glycolysis.  Erythrocytes  from  similar  rats 
maintained  on  225  thyroxine  concentration  in  the  drinking  water  ex¬ 

hibited  a  significant  increase  of  32%,  whereas  erythrocytes  from  normal  ani¬ 
mals  given  1000  /iK%  thyroxine  water  exhibited  a  significant  decrease  of  25%. 
3,5,3'-Triiodothyronine  water  at  lOS  pg,%  concentration  given  to  normal  and 
thyroidectomized  rats,  and  thyroxine  water  at  225  and  500  pg,%  concentra¬ 
tion  given  to  normal  rats  produced  no  significant  differences  in  erythrocyte 
glycolysis  from  the  controls.  .Vdrenalectomized  rats,  with  or  without  daily 
cortisone  injections  (5  to  9  daj's),  failed  to  show  marked  changes  from  control 
values  for  erythrocyte  glucose  metabolism.  Normal  rats  treated  similarlj’ 
showed  a  significant  decrease  of  21%. 

The  idea  of  u.sing  erythrocytes  for  studying  the  mechanism  of  hormone 
action  is  attractive  since  the.se  cells  can  be  isolated  from  the  blood  with 
relative  ease  for  chemical  and  enzymatic  analysis,  can  be  studied  at  various 
stages  of  development,  and  have  a  distinct  difference  in  metabolism  be¬ 
tween  the  mature  and  immature  forms  which  may  permit  observations  on 
either  a  predominantly  anaerobic  or  aerobic  metabolism.  That  mammalian 
erythrocytes  may  reflect  hormone  levels  is  suggested  by  their  increased 
oxygen  consumption  when  taken  from  hyperthyroid  patients  (1),  or  from 
thyroitlectomized  rats  injected  with  thyroxine  (2).  However,  the  amounts 
of  oxygen  involved  in  studies  on  mature  erythrocytes  are  so  small  that 
there  is  some  question  as  to  the  significance  of  the  respiratory  metabolism. 
Since  the  mature  erythrocyte  is  depemdent  almost  entirely  upon  anaerobic 
glycoly.sis  for  its  energy  (3),  and  since  thyroxine  is  capable  of  influencing 
anaerobic  glycolysis  in  certain  tissues  (4),  it  .seemed  possible  that  signifi¬ 
cant  changes  in  gluco.se  metabolism  might  be  observed  in  rat  erythrocytes 
under  various  thyroid  conditions.  Macho  (o)  reported  that  blood  from 
thyroidectomiz('d  rabbits  showf'd  a  decreased  gluco.se  metabolism  which 
could  be  reversed  with  thyroxine.  However,  no  quantitative  values  for 
glucose  utilization  were  given,  nor  any  indication  of  the  blood  picture. 
More  recently  Caiesnick,  cl  al.  ((i)  reported  a  decreased  glucose  metabolism 

R(“(‘(*i\H*(l  December  27,  1 960. 

*  This  study  was  supported  by  Research  tlrant  R(1-49S()  from  the  National  Institutes 
of  Health. 
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in  erythrocytes  from  rabbits  siven  daily  injections  of  triiodothyronine  for  7 
to  14  days.  It  had  also  been  observcnl  that  a  single  dose  of  cortisone  to  a 
normal  rabbit  increased  blood  glycolysis  for  a  period  of  20  hours  (7).  Tliere 
seems  to  be  no  literatun*  concc'rning  the  ('fleet  on  blood  glycolysis  if  the 
animal  is  subjected  to  exc(*ss  cortisone  over  a  rc'latively  long  pc'iiod  of  time. 

The  data  presentc'd  here  extend  the  observations  on  blood  c('ll  glycolysis 
to  rat  erythrocytes  and  are  significant  in  showing  that  cortisone  or  thyrox¬ 
ine  is  capable  of  causing  depn'ssion  of  glycolysis  in  these  cells. 

MATERIALS  .\X1)  METHODS 

Milk*  albino  rats  puri-hased  at  100  to  130  }i;m.  wore  kojit  under  laboratory  conditions 
at  least  one  week  prior  to  use.  The  thyroid  or  adrenal  Khinds  were  removed  surffieally 
under  Nembutal-ether  anesthesia.  Either  L-thyroxine  sodium  (Sifima)  or  3,.5,3'-triiodo- 
ihyronine  (Delta)  was  Riven  in  the  drinkiiiR  water  to  normal  and  thyroideetomized  rats 
since  larRc  amounts  of  these  substances  in  drinkiiiR  water  have  been  shown  to  increase 
totid  body  metabolism  of  nits  by  100%  or  more  (S).  The  appropriate  quantity  of  thyrox¬ 
ine  or  triiodothyronine  was  dissolved  in  5  ml.  of  0.02N.  NaOH  and  diluted  to  2  liters 
with  water  so  that  the  final  concentrations  were  either  225,  .500,  or  1000  mK%  for  diy- 
roxine,  or  108  mK%  h>''  triidothyronine.  Fifteen  niR.  of  cortisone  acetate  (Higma)  were 
dissolved  in  2  ml.  of  methanol  and  diluted  with  saline  to  15  ml.  One  ml.  of  this  suspension 
was  given  subcutaneously  to  normal  or  adrenah'ctomized  rats  daily. 

Tlie  importance  of  the  nature  of  the  bathing  medium  for  the  activity  of  thyroxine  is 
indicated  by  the  work  of  Barker  (9)  involving  in  vitro  effects  of  thyroxine  on  the  me¬ 
tabolism  of  kidney  slices.  Susiiension  of  erythrocytes  from  treated  and  untreated 
adrenalectomized  rats  in  a  phos|)hate  buffered  solution  may  cause  changes  in  cell  volume 
(10)  whicli  could  result  in  a  dilution  or  concentration  of  cell  contents.  It  has  been  esti¬ 
mated  that  erythrocytes  account  for  90  to  95%  of  the  glycolysis  in  blood  (11).  C'on- 
sidering  this  and  the  fact  that  isolation  and  resuspension  of  erythrocytes  result  in 
a  jirolonged  time  interval  before  glucose  utilization  can  lx*  measured,  it  seemed  per¬ 
tinent  to  take  blood  from  animals  with  minimum  disturbance.  Blood  samples  were 
drawn  by  cardiac  puncture  (no  anesthesia)  into  a  syringe  rinsed  with  heiiarin-saline 
solution,  and  2  ml.  of  tin*  blood  transferri'd  to  a  glass  stoppered  flask,  which  was  placed 
in  a  Warburg  bath  (37.5°  C)  and  shaken  at  the  rate  of  90  cycles  per  minute  with  an 
amplitude  of  3  cm.  Preliminary  experiments  under  these  conditions  with  the  glucose 
utilization  measured  at  30,  00,  and  90  minute  intervals  showed  a  relatively  constant 
glucose  utilization.  Thus  duplicate  samiiles  were  withdrawn  from  the  flasks  after  a  5 
minute  equilibration  period,  and  again  00  minutes  later  for  glucose  analysis  by  the 
Nekson-Somogyi  method,  .\fter  it  was  determined  that  no  changes  in  hematocrit  oc¬ 
curred  during  the  incubation  period,  the  hematocrit  was  determined  in  triplicate  at  the 
end  of  the  period  by  using  cajiillary  tubing  and  centrifuging  to  constant  volume.  Ri'd  and 
white  counts  were  made  in  duplicate  or  triplicate  with  a  standard  hemocytometer.  The 
percent  reticulocytes  was  determined  in  duplicate  samples  by  alcoholic  staining  of  dry 
smears  with  New  Methylene  Blue  and  Wright’s  stain. 

RESULTS 

Only  14  of  tlu*  152  rats  u.s{*(l  in  this  study  showi'd  a  Idood  glucose  conci'ii- 
tration  which  deviati'd  from  the  normal  range  of  80  to  120  mg.%  at  the 
first  sampling  after  incubation.  Such  (U'viations  occurn'd  in  no  mon*  than  1 
to  3  .samples  in  any  oik*  group.  Car(*ful  insp(*ction  of  the  data  faih'd  to  indi¬ 
cate  a  corr(*lation  l)etw(*en  the  initial  glucose  conc(*ntration  and  the  amount 


89S  ANGELOXE  Volume  69 

Table  1.  The  ekfects  ok  thyroxine,  3,o,3'-triiodothyroxixe,  and  cortisone 

ON  RAT  BLOOD 


Exptl.  group* 

No.  of 
rata 

Exptl.  days^ 

Mr. 
(slucose 
per  hour® 

Percent 

hemato¬ 

crit 

RBCXIO* 
per  emm 

wBcxia* 

per  cmni" 

Percent 

reticulocytes" 

Control 

17 

89  ±  6 

43  ±1 

719121 

98110  (8) 

1.010.4  (8) 

Tx 

19 

22  (14-26) 

82-*-  4 

47  ±  1 

877  ±  23 

180117  (5) 

2. 3  +  1.0  (5) 

Tx-I-T, 

16 

19  (16-24) 

118±  9** 

42±2 

717159 

1.35115  (5) 

1.511.4  (5) 

Normal  +T1 

14 

15(14-15) 

74-(-  6 

50-1-1 

1014  +  23 

143119  (9) 

2.210.6  (6) 

Normal  -|-T2 

11 

16(14-17) 

86-1-5 

47-*-! 

849  +  27 

123+  3  (6) 

8. 2+1. 3  (6) 

Normal  -)-’r3 

9 

16(14-17) 

67  ±  7* 

47+1 

9(K)  +  21 

142117  (9) 

1.910.5  (9) 

Tx  -(-TIT 

11 

18(14-21) 

114-1-14 

46  ±1 

870  +  48 

Normal  -(-TIT 

6 

22 (21-23) 

73 -t-  5 

48+1 

765  +  43 

•Adx 

11 

7  (5-8) 

95  ±  9 

45±2 

830  1  28 

Adx  -{“Cortisone 

13 

8  (7-9) 

97  ±11 

46+1 

819+15 

111  +  12(10) 

3.4  +  0.5(10) 

Normal  -{-rortisone 

13 

7  (5-9) 

70 ±  5** 

49  ±  1 

914126 

861  5(11) 

2.010.9(13) 

*  Tx  =thyroideotoiiiized.  Tl,  T2,  T3,  =thyroxine  water  of  225,  5(K),  and  1000  MgCe  concentration,  respectively. 
TIT  =3,5,3, '-triiodothyronine  water  of  108  mk’ c.  concentration.  -Adx  =adrenalectomi*ed.  Cortisone  dosage  of  1  mg./ 
day,  rat. 

“  The  average  number  of  days  rounded  to  nearest  figure  with  the  range  in  parenthesis. 

®  Value  for  100  ml  packed  cells.  The  ±  in  this  and  succeeding  columns  =standard  error  of  the  mean.  P<0.05=®, 
P  <0.025  =♦». 

The  number  in  parenthesis  refers  to  the  number  of  rats  represented  in  the  sample. 

of  glucose  utilized  in  the  individual  blood  samples  of  any  one  group.  There 
appeared  to  be  no  gross  changes  in  the  blood  picture  of  the  various  groups 
in  which  cell  counts  were  made  to  indicate  any  correlation  of  the  cellular 
components  with  the  glucose  utilization.  The  mean  values  for  hematocrit, 
erythrocyte  count,  white  cell  count,  and  reticulocyte  percentage  as  indi¬ 
cated  in  Table  1,  were  within  the  normal  range  for  rats  (12).  Therefore  the 
glucose  utilization  by  the  blood  from  each  rat  was  converted  to  mg  of 
glucose  utilized  per  100  ml.  of  packed  cells  from  the  hematocrit.  The  num¬ 
ber  of  animals,  number  of  days  of  the  experimental  regime  before  taking 
blood  .samples,  and  the  mean  values  for  gluco.se  utilization  are  presented  in 
Table  1.  Overnight  fasting  of  a  group  of  12  normal  rats  failed  to  show  a 
marked  difference  (—5%)  in  erythrocyte  glucose  utilization  when  com¬ 
pared  to  non-fa.sted  rats  (control  group).  All  the  data  in  Table  1  are  from 
unfasted  animals.  The  control  group  represents  10  unoperated  and  7  sham 
operated  rats  which  produced  equivalent  mean  values;  88  and  90  mg./hr. 
/ 100  ml.  packed  cells,  respectively. 

Removal  of  the  thyroids  had  little  effect  upon  erythrocyte  glucose 
utilization  (  —  7%).  However,  whether  the  thyroids  were  present  or  not 
appeared  to  influence  the  response  to  exogenous  thyroid  hormone.  Cells 
from  thyroidectomized  rats  treated  with  thyroxine  water  (225  ng%)  re¬ 
sponded  with  a  82%  increase  in  glucose  utilization  which  was  significantly 
different  from  the  control  group  (P  <0.025),  whereas  cells  from  normal 
animals  exhibited  either  no  change  (500  ng%),  or  decreases  of  17%  (225 
Mg%)  and  25%  (1000  mK%)-  Only  the  highe.st  concentration  of  thyroxine 
water  produced  a  decrease  .‘significantly  different  from  the  control  (P 
<0.05).  Although  triidothyronine  produced  no  statistically  significant 
difference  from  the  control,  the  gluco.se  utilization  did  show  a  pattern 
similar  to  that  produced  by  thyroxine:  i.e.,  cells  from  thyroidectomized 
animals  and  normal  animals  showed  an  increa.se  of  28%  and  a  decrease  of 
18%,  respectively. 

Rats  adrenalectomized  for  a  period  of  from  5  to  9  days,  with  or  without 
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cortisone  treatment,  failed  to  show  significant  difterences  in  erythrocyte 
glucose  utilization.  However,  normal  rats  given  cortisone  over  a  similar 
time  interval  showed  a  decrease  of  21%,  significantly  different  from  the 
control  (P  < 0.025). 

The  fluid  was  not('d  in  the  thyroidectomiz('d  and  normal  groups  given 
thyroxine  water  (225  mK%)>  and  the  normal  group  given  triiodothyronine 
by  measuring  the  amount  of  fluid  remaining  in  the  bottles  when  fresh 
thyroxine  or  triidothyronine  water  was  prepared.  Calculations  based  on  the 
number  of  animals  and  the  time  intervals  involved  indicate  that  the  intake 
was  quite  variable  for  the  diff'enmt  groups  in  that  they  took  approximately 
28,  37,  and  28  ml.  of  treated  water  per  day  per  rat,  respc'ctively ;  or,  in  the 
same  order,  52  and  85  mS  of  thyroxine  and  80  mS  of  triiodothyroniiu'. 

The  fact  that  the  animals  were  not  fasted  prior  to  withdrawal  of  blood 
samples  precludes  a  (piantitative  evaluation  of  weight  changes.  There  were 
no  indications  of  the  development  of  toxicity  from  the  thyroxine  or  triiodo¬ 
thyronine  water  in  that  the  treated  groups  show(‘d  a  mean  weight  gain  of  at 
least  10%  per  week.  A  similar  gain  (15%)  was  shown  by  the  sham  operated 
animals  included  in  the  control  group.  The  adrenalectomized  animals, 
treated  and  untreated,  showed  a  mean  weight  gain  of  10  and  18%  for  the 
period  of  5  to  9  days.  However,  the  normal  cortisone  treated  group  showc'd 
a  mean  weight  gain  of  00%. 


DISCUSSION’ 

The  small  decrease  in  glucose  metabolism  exhibited  by  the  cells  from  the 
untreated  thyroidectomized  animals  may  have  been  due  to  lack  of  time  for 
the  full  development  of  thyroid  deficiency.  That  erythrocytes  are  affected 
by  removal  of  the  thyroid  is  evident  from  the  difference  in  glucose  metabo¬ 
lism  produced  by  thyroxine  or  triiodothyronine  in  the  presence  and  absence 
of  the  gland.  Consumption  of  hormone  by  the  thyroidectomized  animal 
resulted  in  stimulation  of  glucose  metabolism,  but  in  the  intact  animal, 
treatment  resulted  in  no  change  or  a  depression  of  erythrocyte  metabolism. 

As  suggested  by  the  data,  the  water  intake  of  these  animals  could  have 
been  quite  variable.  Since  no  signs  of  toxicity  or  marked  blook  picture 
changes  occurred,  it  is  probable  that  hormone  blood  levels  were  minimal, 
and  it  is  not  surprising  therefore  that  the  group  variations  were  not  always 
significant  in  spite  of  the  large  mean  changes  in  some  of  the  groups.  How¬ 
ever,  the  results  of  this  study  tend  to  be  supported  by  the  observations  that 
thyroidectomized  rabbits  injected  with  thyroxine  exhibit  an  increase  in 
blood  glucose  metabolism  (5)  and  that  erythrocytes  from  normal  rabbits 
given  daily  intravenous  injections  of  triiodothyronine  over  the  same  time 
intervals  exhibit  a  decrease  in  glucose  metabolism  (6).  It  appears  that  the 
increase  of  total  body  metabolism  in  normal  rats  and  thyroidectomized  rats 
treated  with  thyroxine  and  triiodothyronine  water  (8)  is  not  mirrored  by 
erythrocyte  glucose  metabolism. 

The  data  indicate  that  cortisone  fails  to  influence  the  erythrocyte  glucose 
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utilization  unless  the  atlnnial  glands  are  present.  Removal  of  the  adnmal 
glands  for  o  to  9  days  faihnl  to  produce  a  significant  change  in  erythrocyte 
glucose  utilization  whether  cortisone  was  given  or  not,  hut  cortisone  given 
to  normal  animals  resultc'd  in  a  mean  decrease  in  magnitude  (21%)  similar 
to  that  produced  hy  thyroxine  and  triiodothyronine  water.  This  depre.ssion 
in  glucose  metabolism  is  in  contrast  to  the  oh.servation  on  rahliits  where  a 
single  dose  (oO  mg.  kg.)  stimulat(‘d  blood  glycolysis  for  a  period  of  20  hours 
(7).  The  difference  in  the.se  two  circumstances  may  be  due  to  the  longer 
time  interval  involved  in  the  pn'sent  study. 

In  view  of  the  observations  that  thyroxiiu*  can  caus(‘  hypertrophy  of  the 
adrenal  glands  and  affect  the  state  of  the  cells  of  the  anterior  pituitary  in 
rats  (13),  it  is  tempting  to  sugg(*st  the  possibility  that  the  depression  in 
ghicos(‘  utilizatioi\  ob.servfKl  from  tr(‘atment  of  normal  animals  may  be  due 
to  pituitary-adrenal-thyroid  relationship.  The  fact  that  the  thyroids  or 
adnmals  must  be  pre.s(‘nt  in  order  that  thyroxine  or  cortisone  produce  a 
decrea.se  in  gluco.s(*  metabolism  suggc'sts  that  this  particular  effect  is  not 
due  only  to  action  of  tlu'  hormone  directly  on  tlu*  blood  cells  but  also  to 
.some  unknown  factor  that  may  b(*  common  to  both  adrenal  and  thyroid. 
Since  cortisone,  as  well  as  thyroxine  and  triiodothyronine,  is  capable  of 
depressing  erythrocyte  glycolysis,  the  po.ssibility  of  using  this  re.spon.se  as  a 
clinical  laboratory  test  for  thyrotoxicity,  as  suggested  by  Calesnick  (G), 
does  not  appear  h'asible.  Th(‘  metabolic  variations  in  red  cells  under  the 
conditions  de.scribed  hen*  indicate  they  may  be  .susceptible  to  analy.sis  for 
elucidation  of  certain  aspi'cts  of  hormone  action  at  a  cellular  level  provided 
an  experimental  techniqiu*  can  be  developed  to  obtain  more  consistent 
response's. 
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HOMEOSTASIS  OF  ORGAN  WEIGHT  IN  RESPONSE  TO 
INCREASING  DOSAGE  OF  TESTOSTERONE 
IN  THE  CASTRATED  MOUSE' 

H.  C.  BROWNING,  L.  M.  HOLMBFRG  and  W.  1).  WIHTF 

Department  of  Anatomy,  University  of  Texas  Dental  Braneli,  Houston,  Texas 

AHSTKAC'T 

(’astrati'd  Stroiifi;  A  inico  received  O.Oo,  0.1,  0.25,  0.5,  1.0  or  2.5  ni>;.  of 
tostostcroiH*  plionylacotatt'  intrapcritonoally  ovory  10  days  over  a  40  day  jx'- 
riod.  Thymic  \vt‘i}>;lits  dccn>ascd,  and  seminal  vesich',  kidiu'y  and  suhmaxillary 
uland  \v(‘if!;lits  increas(‘d,  over  the  dose  ran^e  as  a  wliole  hut  showed  no  ehaiifie 
hi'tween  the  0.5  and  1.0  nif;..  or  between  the  0.25,  0.5  and  1.0  mj;;.  dosa};es. 
Su))erfieial  lympli  node  weif^hts  exliihitt'd  no  wt‘if>;ht  (h'creast*  between  tlie 
0.05,  0.1  and  0.25  m^.  or  between  the  1 .0  and  2.5  niK.  dosages.  Tliese  ])lateaus  of 
non-response  to  increasing  dosage,  except  the  second  one  of  node  weiglit, 
occurred  when  the  organ  weights  reached,  or  approached,  tliose  in  untreated 
intact  animals. 

Other  castrated  Strong  \  mice  reeeived  0.25,  0.5,  1.0  or  2.5  mg.  of  the 
same  androgen  subcutaneously  at  id('ntical  intervals.  The  same  i)lateaus  in 
organ  weights  (except  for  the  sidimaxillary  glands)  occurn'd  at  tlie  same 
dosages  as  with  intrai)eritoneal  administration.  .\t  the  same  time,  subcu¬ 
taneous  administration  was  less  effective,  at  the  lower  dosages,  than  intra- 
peritoneal  in  reducing  node  and  increasing  seminal  vesicle  weight,  but  more 
effective  in  reducing  thymic  and  increasing  kidney  and  submaxillary  gland 
weight. 

It  appears  that,  in  testosterone-sensitive  organs,  homeosttisis  occurs  when 
the  effeet  of  exogtmous  androgen  reaches  the  physiological  level  of  (Midogenous 
androgen  in  the  intact  animal. 

PRELIMINARY  expc'rimont.s  indicatc'd  that  the  maiiitonanco  dose*  of 
tosto.sterono  plionylacotato,^  administ(Mvd  subcutaneously  to  castratcul 
mice  of  the  Strong  A  strain,  lay  ))(*t\v(*en  ().:i7o  and  1.0  mg.  (*very  10  days, 
judging  l)y  seminal  vesicle  and  tliymic  weights;  and  that  intrapcn-itoneal 
administration  was  more  effective  tlian  subcutaneous  in  increasing  seminal 
vesicle  weight  and  le.ss  effective  in  decrea.sing  thymic  weight  (1).  In  con¬ 
trast,  a  dose  level  of  7.5  mg.  of  the  .same  androgen,  also  administered  sub- 
cutaneou.sly  and  at  the  same  intervals,  was  reejuired  to  inhibit  tin*  growth 
of  transplants  of  hormonally-dependent  adrenal  cortical  carcinomas  in 
castrated  hosts  of  certain  strains  of  inbred  mice;  the  same  dosage  did  not 

Rc'ccivcd  December  27,  lObO. 

*  This  work  was  supported  by  Research  (Irant  C-28S0  (('3)  of  the  National  Cancer 
Institute,  I'.S.P.H.S. 

In  this  report  “testo.sterone,”  unless  otherwise  specified,  refcTs  to  testosterone 
phenylacetatc  in  aqueous  microcrystalline  suspension  of  .50  mg./cc.  (I’erandren,  Ciba). 
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affect  the  growth  of  the  same  neoplasms  in  their  original  hosts  (2,  3,  4).  The 
present  study  was  undertaken  to  characterize  the  maintenance  dose  mon* 
closely  and  to  compare  the  two  routes  of  administration  upon  a  wider 
spectrum  of  organs.  From  the  results,  it  appears  that  the  castrated  mouse  is 
al)le  to  adjust  to  a  doubling,  or  even  a  quadrupling,  of  the  minimal  physio¬ 
logical  (maintenance)  dose  without  differing  in  response'. 

MATERIAL  AND  METHOD 

Two  luiiulred  and  forty  male  mice  of  tlie  .Strong  A  .strain,  from  3  to  5  months  of  ag(', 
were  randomized  into  12  groups  of  20  animals  each.  The  mice  in  11  groups  were  then 
castrated.  Six  of  these  groups  received,  respectively,  0.05,  0.1,  0.25,  0.5,  1.0  or  2.5  mg.  of 
testosterone  intraperitoneally  on  the  day  of  castration  and  10,  20  and  30  day.s  later.  Four 
otlu'r  castrated  groui)s  received  0.25,  0.5,  1.0  or  2.5  mg.  subcutaneously  at  the  same 
time.  One  castrated  grouj)  a!id  the  non-castrat(‘d  group  received  no  treatment. 

.\11  animals  were  killed  by  chloroform  on  the  fortieth  day.  At  autopsy  fresh  weights 
were  obtained,  after  can'ful  blotting  on  filter  paper,  for  the  superficial  lymph  nodes, 
thymus,  seminal  vesicles,  kidneys,  submaxillary  glands,  adrenal  glands,  liver  and  spleen. 
Tlu'  superficial  nodes  (5)  comi)rised  the  right  and  left  inguinals,  weighed  sejjarately,  and 
the  duplicated  me<lial  superficial  cervical  nodes,  those  of  each  side  being  weighed  as  a 
unit.  The  thymus  and  submaxillary  gland  lobes,  the  seminal  vesicles  with  contained 
fluid,  the  liver  and  the  sjjleen  were  all  weighed  as  single  units.  The  right  and  left  kidneys 
and  adrenal  glands  were  weighed  separately.  Thus,  each  experimental  group  provided 
individual  weights  for  40  single  and  20  pairs  of  lymph  nodes,  20  thymus  glands,  20 
si'ininal  vesich's,  40  kidneys,  20  submaxillary  glands,  40  adrenal  glands,  20  livers  and  20 
sph'ens.  Body'  weight  for  each  animal  was  obtained  immediately  bc'fore  death.  .\t 
autoi)sy,  depots  of  testosterone  were  grossly  visible  subcutaneously  or  intraperitoneally 
in  animals  in  the  groups  receiving  the  1 .0  or  2.5  mg.  dosages. 

RESULTS 

Mean  w('iglits,  witli  their  .standard  errors,  were  calculated  for  the  total 
body  and  for  I'ach  of  the  S  orf^an.s-^  for  all  groups.  These  figures,  plotted 
against  a  logarithmic  scale  of  do.sage,  are  shown  for  th('  groups  receiving 
testo.sterone  intraperitoiu'ally  or  subcutaneously,  with  an  indication  of  the 
means  of  the  untr(*at('d  intact  and  castrated  groups,  in  Figures  1,  2,  and  3. 
Probabilities  of  .significance'  of  difference'  betwe'en  succe'ssive  weights  with 
incre'asing  intrape'ritone'al  or  subcutaneous  elo.sage,  between  all  wenghts  in 
the'  castrate'el  groups  anel  tho.se  in  the  intact  group,  anel  between  we'ights  for 
the  .same  elosage*  via  the  intra peritoneal  and  .subcut a ne'ous  route  we^re 
eletermine'el. 

Lymph  nodes  and  thymus  glands  (Fig.  1). 

These  two  organs  showeM  elecreasing  weight  with  increasing  dosage  with 
an  inte'ipose'el  plate^au  of  non-re'spon.se'  when  the  organ  weight  approximated 
that  founel  in  untre'ate'd  intact  animals. 

®  Mca’.i  organ  weights,  in  the  figures,  represent  6  superficial  lymph  nodes,  the  whole 
thymus,  both  seminal  vesicles,  both  submaxillary  glands,  one  kidney,  one  adrenal  gland, 
and  the  whole  liver  and  spleen. 
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Eig.  1.  Mean  weights  of  the  siji)ei- 
fieial  lymph  nodes  and  thymus  f'land  in 
groups  of  20  eastrated  male  A  strain  miee, 
receiving  various  dosages  (in  mg)  of  tes¬ 
tosterone.  (Standard  errors  of  the  means 
are  indieated  by  vertieal  lines;  differenees 
signifieant  below  the  o%  level  betw(‘en 
sueeessive  imams  are  indieated  by  the 
wifle  line  and  those  not  signifieant  at  this 
level  by  a  narrow  line  joining  tin*  resjiee- 
tive  points;  the  mean  and  standard  error 
for  the  eorresponding  organ  in  untrcaited 
intaet  miee  of  the  same  strain  is  indieated 
by  a  horizontal  band  and  in  untreated 
east  rated  miee  by  the  isolatial  point;  un¬ 
broken  line — intraperitoneal;  broken  line 
— subeutaneous  administration). 
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The  pooled  weights  of  the  6  superficial  lymph  ttodes  sliowed  a  highly 
significant  (P  <0.001)  decrea.se  between  the  0.0  (untnaited  castrat(‘)  and 
O.Oo  mg.  dose  lev'els  of  testosterone  but  no  further  d(‘cr(‘ase  occurred  at  the 
0.1  and  0.2.O  mg.  do.sages,  administered  intraperitoneally.  Further  increase 
of  dosage  to  O.o  mg.  effecti'd  a  second  weight  drop  (P  <0.001),  but  there 
was  no  further  change  at  the  1.0  and  2..5  mg.  levels. 

Subcutaiu'ous  administration  of  the  steroid  also  produc(“d  a  weight  d(*- 
crea.se  between  tin*  0.2.5  and  0.5  mg.  do.sagi's  (P<0.001),  but  no  further 
change  at  1.0  and  2.5  mg.  There  was  no  .significant  difference  between  node 
weights  at  the  0.1  and  0.25  mg.  do.sages  and  the  node  weight  in  untr('at(*d 
intact  animals  for  either  route  of  administration.  Then*  was  a  significant 
difference  between  the.se  weights  at  the  0.05  mg.  (P  <0.05)  and  at  all 
other  do.se  levels  (P  <0.001). 

Subcutaneous  admini.stration  was  less  effective  than  intraperitoneal 
administration  in  producing  weight  reduction  at  the  0.25  mg.  (P  <0.001) 
and  at  the  0.5  mg.  dosage  (P<0.05),  but  there  was  no  difference  in 
weights  with  admini.stration  by  either  route  at  the  higher  dose  levels. 

Thymic  weight  was  little  affected  by  intraperitoneal  doses  of  testosterone 
of  0.05,  0.1,  or  0.25  mg.;  no  .succe.s.sive  points  on  the  weight-do.se  response 
line  differed  significantly,  although  tho.se  for  the  0.0  and  0.25  levels  did.  A 
highly  significant  (P  <0.001)  drop  in  weight  occurred  between  the  0.25 
and  0.5  mg.  and  again  between  the  1.0  and  2.5  mg.  dosages.  IIowev(‘r,  no 
appreciable  weight  decrea.se  occurred  between  the  0.5  and  1.0  mg.  dosage.s. 
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Fig.  2.  Mi'an  weinlits  of  the  seminal 
v(‘sicles,  kidneys  anti  snbmaxillary 
in  groups  of  20  eastrated  male  A  strain 
mice  reeeivinfi  various  dosages  (in  mf>;.)  of 
tt'stosterone.  (Symbols  as  in  Fif'ure  1.) 


Siil)(*utaii(‘ou.s  adinini.stration,  over  tlu*  uppor  dosi*  range  (0.25  to  2.5 
mg.)  gave  a  response  curve  parallel  to  that  for  intrapiaitoneal  administra¬ 
tion;  again,  thm-e  was  no  significant  change  hetwi'cn  the  0.5  and  l.O  mg. 
do.si*  levels,  hut  there  was  (P  <0.001)  hetwi'cn  tin*  0.25  and  0.5  mg.  and 
between  the  1.0  and  2.5  mg.  do.sagi's.  All  thymic  weights  differed  (P 
<0.001)  from  the  widght  in  untreated  intact  animals  except  tho.se  at  the 
0.5  and  1.0  mg.  dosi*  levels  for  both  route's  of  administration. 

Then'  was  a  significant  dilTeri'iici'  bi'twe'cn  the  thymic  weights  with  intra- 
pi'ritoneal  or  subcutani'ous  administration  at  the  0.25  (P<0.01)  and  0.5 
mg.  (P<0.05)  dosage's,  with  the'  latte'r  route  e'ffecting  a  greater  weight 
re'eluctiem  than  the  forme'r.  At  the'  highe'r  elo.sage's  this  eliffere'iitial  disap- 
pe'are'el. 

Seminal  vesicles,  kidneijs  and  sahmaxillarif  glands  (Fig.  2) 

Tlu'se'  organs  showe'el  incre'asing  weight  with  increasing  te'stosterone* 
elosage'  with  an  inte'ipose'el  jdate'au  eif  non-re'spon.se  when  the  organ  weight 
appreiximate'el  (.se'ininal  ve'sich's  anel  submaxillary  glands)  or  approache'el 
(kieliK'ys)  that  founel  in  untre'ate'd  intact  animals. 

The  we'ights  of  the'  semitad  vesicles  showe'el  a  .significant  elitTerence(P 
<0.05  or  <0.01)  be'twe'cn  all  elose  levels,  e'xcept  0.5  and  1.0  mg.  The 
weights  elid  not  eliffer  significantly  from  those  in  untre'ated  intact  animals 
at  0.25  anel  1.0  mg.  but  eliel  at  the  interme'diate  level  of  0.5  mg.  (P  <0.05) 
anel  at  all  other  dosage's  (P  <0.001). 

Subcutaneous  administration  also  produce'd  difference's  (P<0.01) 
be'twee'ii  succe'ssive  seminal  vesicle  weights  at  0.25  and  0.5  mg.,  and  again 
betwe'cn  tho.se'  at  1.0  anel  2.5  mg.,  but  there  was  no  change  betwe'en  the 
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weiglits  at  O.o  and  1.0  mf>:.  At  tho.s('  two  latt('r  dose  levels  the  organ  weights 
in  castrated  animals  did  not  dilTer  significantly  from  those  in  untreated 
intact  animals. 

Subcutaneous  administration  was  h'ss  (dfective  (P<().()1)  in  increasing 
seminal  vesich*  W{‘ight  than  intrap(‘ritoneal  at  all  dose  levels  except  the 
highest  (2.0  mg.). 

The  weight-dos(‘  response*  of  the*  kidneys  to  intrape'ritoneal  administra¬ 
tion,  except  for  their  le.s.ser  responsiv(*n(‘ss  at  the  lower  dose  leve'ls,  resem¬ 
bled  that  of  the  .seminal  vc'sich's.  There  was  no  appreciable  weight  increase 
b(*t wee'll  the*  0.0  anel  0.0.’)  mg.,  eir  be*twe*e*n  the*  0.0.)  anel  0.1  mg.  eleisages  but 
a  highly  significant  one*  (P  <0.001)  be*twe*e*n  the*  0.1  anel  0.2')  mg.  anel 
be*twe*e*n  the*  0.2.^  anel  0..1  mg.  le*ve*ls.  The're*  was  no  signifie*ant  change*  in 
weight  be*twe*e*n  the*  0..5  anel  1.0  mg.  ele)sage*s,  but  there*  was  be*twe*e*n  the*  1.0 
anel  2.5  mg.  le*ve*ls  (P<0.01).  lle)we*ve*r,  unlike*  the*  se*minal  ve*sicle*s,  all 
kidney  we*ights  eliffe*re*el  (P  <0.001)  fre)m  those*  e)f  the*  untre*ate*el  intact 
animals. 

Subcut ane*e)us  aelminist ration  pre)eluce*el  no  appre*e‘iable*  weight  incre*ase*  in 
the*  kielne*ys  be*twe*e‘n  the*  0.2.')  and  O.o  mg.,  e)r  be'twe*e*n  the*  0.5  anel  1.0  mg. 
de)sage*s  but  eliel  be*twe*e‘n  the*  1.0  and  2.5  mg.  le*ve*ls  (P  <0.001).  Again, 
unlike*  the*  se*minat  ve*sicle*s,  all  weights  elil'fe*re‘el  (P  <0.05  en  <0.001)  from 
those*  in  untre‘ate*el  intact  animals. 

The*  e*tfe*ctive*ne*ss  e)f  subcut  aiu'euis  aelminist  rat  iem  eni  incre*asing  kidne*y 
weight  was  gre*ate*r  than  that  e)f  intrape*ritone*al  aelminist  rat  ion  at  the*  0.25 
anel  1.0  mg.  ele)sage*s  (P<0.01  e)r  <0.001)  but  ne)t  at  the*  e)the*r  twe)  le*ve*ls 
(0.5  anel  2.5  mg.). 

The*  we*ight-elose  re*spe)n.se*  of  the*  i^uhmaxillarjj  ghtnds  was  le*ss  markeel 
than  e'ither  that  of  the  .se*minal  vesicle's  or  the*  kielne*ys.  Xone*-the*-le*.ss,  all 
successive*  points  for  incre*asing  intrape'iitone'al  ele)sage*  e)f  te*stoste*re)ne* 
eliffere*el  (P<0.05,  <0.01,  or  <0.001),  exce*pt  those*  be*twe*e*n  the*  0.25  anel 
0.5  mg.,  anel  0.5  anel  1.0  mg.  leve*ls.  The  we*ights  at  the'se*  elosage*.s  also  elid 
not  eliffe*r  from  those*  in  untre*ate*el  intact  animals. 

Subcutane'ous  aelministration  pre)eluce*el  no  significant  weight  change*  at 
any  succe*ssive*  elose;  the*  weights  e)f  the  submaxillary  glanels  e)nly  eliffe*re*el 
(P<0.01)  from  these*  in  untre‘ate*el  intact  animals  at  the*  2.5  mg.  elosage*. 
Subcutane'ous  aelministration,  as  in  the*  case*  e)f  the*  kielneys,  was  more* 
e'ffective  than  intrape‘rite)ne*al  in  incre*asing  glanel  weight  at  the*  0.25  anel  1.0 
mg.  dose  leve*ls  (P  <0.05  or  <0.01)  but  pre)elue‘e*el  no  eliffe*re*nce  at  the*  0.5 
oi-  2.5  mg.  leve'ls. 

Adrenal  glands,  spleen,  liver  and  total  body  weight  (Fig.  5) 

These  three  organs,  anel  the  whole*  body,  e*xhibite*d  no  consistent  re*sponse* 
to  incre*asing  testoste*re)ne*  elosage*.  With  the*  aelre*nal  glanels,  the*re  appe*are*el 
to  be*  a  tre*nel  e)f  weight  re*eluction  with  subcutane'ous  aelmini.stration,  in 
contrast  to  fluctuations  arounel  the*  me*an  with  intraperitoneal  aelministra- 
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Figufik  3.  ^leaii  weights  of  the  whole 
body,  and  of  tlie  adrenal  glands,  liver  and 
spleen  in  groui)s  of  20  eastrated  male  A 
strain  mic(‘.  receiving  various  dosages  (in 
ing.)  of  testosterone.  (Symbols  as  in  Fig¬ 
ure  1.) 


tiou.  Spl(‘('n  WF'ifjiht.s  t(‘n<l(“(l  to  lx*  greater  in  castrated  animals  receiving 
t(*stost<‘rone  tlian  in  untn'ated  intact  animals.  Total  body  wc'ight  appeared 
to  inereasF*  wi-th  the  lo\v(‘r  do.sag(‘s  and  to  d(*er(‘ase  at  tin*  higli(‘r  do.sages, 
but  tin*  only  significant  dittenuices  wen*  Ix'tween  the  weight  of  intact  un- 
tr(‘at(*d  animals  and  untn'ated  castrated  animals  (P<0.01)  or  castrated 
animals  n'ceiving  1.0  mg.  subcutaneously  (P  <0.001). 

DISCUSSION' 

It  seems  probable  that  the  action  of  testosterone  upon  the  lymph  node.s, 
thymus,  kidneys  and  submaxillary  glands  in  the  mouse  is  selective,  resem¬ 
bling  that  upon  tlx*  .seminal  vesicles,  rather  than  Ix'ing  part  of  a  general 
protein-anabolic  reaction  or  nx'diated  by  pituitary  hormones.  Both  the 
kidneys  and  submaxillary  glands  of  the  mou.s(*  have  been  shown  to  have 
.sex-specific  histological  differences  (0,  7).  The  do.se-respon.se  curves  for  all 
of  these  organs  w(*re  g(*nerally  similar;  the  maintenance  dose  for  all,  except 
the  nodes,  fell  within  the  range*  of  0.25  to  1.0  mg.  of  testosterone  every  10 
days.  A  dosage  of  100  gg  daily  of  testosterone  propionate  has  been  consid¬ 
ered  to  be  above  the  phy.siological  level  (8);  the  same  dosage  did  not  in- 
crea.se*  .seminal  vesicle  weight  appreciably  more  than  did  50  gg  (9).  A  .similar 
dosage  was  also  thought  to  be  above  maintenance  level  by  other  workers 
(10).  All  of  the.se  dosag(‘s  of  te.sto.sterone  propionati*  were  appli(*d  to  cas¬ 
trated  rats;  they  fall  in  the  .same  rang(*  found  h(*r(*  for  te.stosterone  phenyl- 
acetate  in  the  castrated  mouse. 

The  most  .striking  observation  was  that  there  was  virtually  no  additional 
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iH'spon^so  of  the  seminal  vesieles  and  submaxillary  p;lands  when  the  dos(‘  was 
increased  from  0.25  to  1.0  mg.,  or  of  the  kidneys  and  thymus  from  0.05  to 
1.0  mg.,  despite  the  fact  that  highly  .significant  responses  occurred  with 
change  of  dosage  above  or  below  the.se.  Further,  this  failure  to  respond 
occurr(*d  when  the  wcfight  of  the  organ  n'aehed  (seminal  v('sieles,  submaxil¬ 
lary  glands  and  thymus  gland),  or  approached  (kidneys),  the  range  found 
in  untreatc'd  intact  animals.  In  other  words,  wlam  exogenous  androgen 
maintaiiu'd  sensitive  organs  in  castrated  animals  at  a  w(‘ight  (*qual  to  that 
indueiul  by  endogcmous  androgim  in  intact  animals,  a  phase*  of  homeostasis 
oceurn'd.  Adjustment  to  inerea.sed  androge'ii  was  (‘fieete'd,  ov('r  a  doubling 
or  quadrupling  of  dosage,  possibly  by  inen'ase'd  im'tabolism  from  enzymat¬ 
ic  adaptation,  or  possibly  by  the  simple  n'aehing  of  a  re'nal  threshold. 
Further  dose  increase*,  eviele*ntly,  ove*rwhelme*el  the*  home'ostatie  mechanism 
anel  sensitive  organs  re*spemele*el  beyonel  the  normal  physiedogieal  limits. 

The  re'sponse  of  the  superficial  lymph  node*s  re*se*mble*el  and  eliffere*el  from 
that  of  the  othe*r  organs.  Firstly,  the  plate*au  of  non-re*sponse  oecurre*d  at  a 
very  low  elose  range*  (0.05  to  0.25  mg.),  anel,  se*eonelly  another  plateau 
e)ecurre*el  over  the  0.5  to  2.5  mg.  range*.  This  .se'conel  plate*au  may  have  re*pre*- 
sented  a  maximal  response*,  be'yonel  which  the  noele*s  we*re*  re*frae*tory  to 
inerease*el  te.stoste*rone;  if  so,  such  a  point  was  ne)t  re*ae‘he*el  with  the  e)the*r 
organs.  The*  re*sponse*  e)f  ne)ele‘s,  thymus,  anel  spleen  to  horme)ne*s  has  be*e*n 
shown  to  elifier  by  se*ve*ral' authors.  Mareler  (11,  12)  founel  that  thyre>xine* 
inerease*el  nexle  anel  sple*nie  we*ights  but  eliel  not  af'fe*e*t  that  e)f  the*  thymus  in 
the*  mou.se*;  Mone*y,  Fage*r  anel  llawson  (El)  state*el  that  te*stost crone  ele*- 
ere*a.seei  thymic  but  inere‘ase*el  noelal  we*ight  in  rats;  anel  Santiste'ban  (14,  15) 
showe*d  that  thymic,  but  not  ne)elal,  involution  was  proeluee*d  by  alcohol- 
induced  stress,  unlike  the  involution  given  by  hyelroeortisone. 

That  the  homeostatic  effect  was  imt  an  artefact  is  suggest e*el  by  the  facts 
that,  above  anel  below  the  plate*au,  highly  significant  weight  changes  were* 
proeluee'd  by  alterations  of  elosage;  that  the  same  plateaus  oecurre*el  in 
eliffere*nt  experimental  groups  receiving  te'stosterone  eithe*r  intrape'ritone*- 
ally  or  subeutane*ously  at  the  same  dose  level;  that  the  seminal  vesicle's  anel 
submaxillary  glanels  showe*el  a  plate*au  with  a  wieler  range  than  that  for  the 
thymus  anel  kielne\vs  anel  that  the*  plateau  hael  an  entirely  eliffere*nt  range* 
for  the  supe*rficial  lymph  noeh's;  anel  that  .similar  plate*aus  were  not  e*xhib- 
iteel  by  total  boely  weight,  or  by  organ  weight  for  the  live*r,  spleen  anel 
aelrenal  glands. 

In  organs  that  we*re*  sensitive  to  te'stosterone,  intrape'iitoneal  anel  subcu¬ 
taneous  administration  eliffere*el  in  e'ffectivene'ss  at  the  lower  ele)sage's.  Intra- 
peritoneal,  in  contrast  to  subcutane'ous,  aelministration  e)f  andre>gen  was 
founel  to  be  ine'ffective  in  the*  rat  (Ifi),  or  r(*lativ’e*ly  ine*ffectiv’e*  until  high 
elo.sage's  were*  re*ache*el  in  the  capon  (17).  It  was  sugge*ste*el  that  the  .ste*re)iel, 
given  intraperitone*ally,  was  largely  absorbeel  via  the*  hepatic  portal  ve*ne)us 
system  anel  was  then  inactivate*el  by  the  liver.  Such  absorptieen  coulel  eenly 
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1)(*  partial  for  tlu*  pcritonoal  lininfj;  of  tlio  abdominal  cavity,  as  distinct  from 
the  peritoneum  coverina;  the  gut  and  forming  the  mesenteries,  has  systemic 
venous  drainage*.  Further,  in  the  prese'iit  study,  differences  in  response  to 
intra peritoneal  and  suhcutaiu'ous  administration  were  not  consistent.  The 
former  was  more*  e*ff'e*ctive  in  incre*asing  se*minal  ve*sicle  anel  ele*creasing 
lymph  noeh'  weights  than  the*  latter,  yet  le*ss  e*ff’e*ctive*  in  re*elucing  thymic 
anel  raising  kielne*y  weights.  In  the  e*xpe*riments  of  Le'athem  (10)  anel 
Be'rnstorf  (17)  oily  solutions  e)f  te*stoste*re)ne  propionate  were*  use*el  for  the 
suhe*utane*ous  anel  intra  peritoneal  route*s  anel  the  vehicle,  rather  than  the 
route*  per  se,  may  have  l)e*e*n  critical.  On  the  othe*r  hanel,  testosterone* 
phe*nylae*e*tate*  has  l)e*e*n  shown  to  he*  the  most  e*ffe‘ctive  e)f  a  series  of  anelro- 
gens,  both  in  incre*asing  seminal  vesicle  weught  anel  in  the  eluratiem  e)f  its 
e*fTe*e*t  (IS). 
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TIIK  I:FFK(T  of  ksthogex  ox  plasma  lutkixizixo 

HOHMOXK  (LH)  ACTIVITY  IX  THE  RAT‘ 
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AH8TRACT 

UsinK  the  ovarian  aseorhie  aci<l  assay  for  LH.  (leteetal)le  ciuautities  of 
LH  were  found  in  jilasina  of  ovarieetomized  donor  rats.  The  LH  activity  of 
ovariectoinized  rat  ])lastna  was  (h'creased  l)y  siiif^le  sul)eutaneous  injections 
of  estradiol  l)enzo;ite  (Kl)).  'I'lds  effect  was  deinonstrahle  witlun  a  day  afti'r 
injection  of  a  lar}!;e  dose  of  I'd)  (oO  tlie  minimal  effective  dose  of  I'd)  to 
cause  a  decrease  in  LH  activity  d  days  after  injection  was  about  0.1  p".  A 
slifjlit  decri'ase  in  LH  activity  was  demonstrable  within  an  hour  of  intra¬ 
venous  injection  of  a  larf?(>  dose  of  estradiol  (K)  or  hd).  Decreased  LH  activity 
was  founil  in  the  absence  of  proestrous  or  I'strous  smears  l)ut  was  always 
found  if  the  smear  was  in  proestrous  or  ('strous  stajje.  It  was  conclmh'd  that 
K  exerts  a  negative  feed-back  t)n  the  LH  controlling  area(s). 

The  offect.s  of  (‘strofTon  on  tin*  secretion  of  gonadotrophins  by  the 
adenohypophysis  are  comph'x  (1).  This  steroid  appears  to  liave  a  dual 
capability  of  stimulating  and  inhibiting  gonadotrophin  secndion.  For 
example,  estrogcuis  can  inhibit  ovarian  d(‘velopment  in  tlu*  immature  rat  by 
suppressing  gonadotrophin  n'h'a.se  (‘2,  4),  whereas,  on  the  other  hand, 

inj(*ction  of  estrogen  can  induce'  ovulation  in  the  pregnant  rat  (o)  and  can 
advance  ovulation  in  the  cyclic  rat  (b),  ob.servations  interpre'ted  to  mean 
that  a  rc'h'ase  of  LII  has  occurrc'd.  Ovarie'ctomy,  on  the  oth(*r  hand,  with 
removal  of  both  ovarian  steroids  from  the  circulation  leads  to  elevated 
levels  of  LI  I  in  both  plasma  and  pars  distalis,  sugge'sting  that  removal  of 
negative  f('('d  back  from  ovarian  steroids  leads  to  increase'd  rates  of  .syn¬ 
thesis  and  .secrc'tion  of  LII  (ti,  7). 

In  th('  pre.sent  study  the  effects  of  single  injections  of  estrogc'iis  on  the 
plasma  LII  activity  of  ovariectoinized  rats  have  bi'i'ii  evaluati'd  using  the 
ino.st  .sensitive  assay  for  LII  yet  devised,  the  ovarian  ascorbic  acid  di'pletion 
method  of  Parlow  (8). 


METHODS 

All  rats  were  of  the  8herman  strain  and  were  housed  in  a  constant  temperature  room 
(S()°  F)  with  twelve  hours  of  light  and  darkness  jier  day.  Donor  rats  were  adult  virgin 
females  which  had  been  ovariectoinized  3-10  weeks.  Tlu'se  donors  were  injected  with 

Ri'ceived  December  31,  1900. 

*  This  study  was  supported  by  grants  from  the  V.  S.  Air  Force,  AF  49(03S)-0<S5  and 
the  Fnited  States  Public  Health  Service,  A1230C4. 
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st»*n)i<ls  subcutaneously  or  intravenously,  or  received  no  injection  and  served  as  controls. 
For  subcutaneous  injections,  estradiol  benzoate  (1  ms.  ml.)  was  approi)riatel3'  diluted 
with  sesame  oil,  such  that  the  injection  volume  was  always  0.1  ml.  For  intravenous  in¬ 
jections,  estradiol  or  estradiol  benzoate  was  dissolved  in  95%  ethanol  and  diluted  with 
0.9%  saline,  such  that  0.15  ml.  of  a  20%  alcoholic  solution  was  injected  intravenously 
wliile  the  rats  were  anesthetized  with  ether. 

-Vt  the  proper  time  following  inj«'etion  of  steroids,  the  donor  rats  were  anesthetized 
with  ether  and  bled  from  the  external  jugular  vein.  Four  to  six  ml.  of  blood  were  col¬ 
lected  in  1-3  minutes  in  a  syringe  moistened  with  0.1  ml.  of  heparin  (1000  u.  ml.).  Hlood 
from  four  donors  which  had  Ixam  similarly  treated  was  pooled  and  the  plasma  separated 
by  centrifugation.  The  i)ooled  jdasma  sample  of  10-12  ml.  was  tested  by  the  ovarian 
ascorbic  acid  dei)letion  method  in  immature  rats  pre-trc'ated  with  gonadotrojihins  (9). 
I’ollowing  nunoval  of  one  ovary  for  a  control  value  of  ovarian  ascorbic  acid,  two  ml.  of 
l)lasma  were  administered  intravenously  over  a  period  of  45-00  seconds  to  each  assay 
rat.  One  hour  later  the  second  ovary  was  removed,  and  its  ascorbic  acid  concentration 
det»‘rmined.  The  percentage  deidetion  (decrease)  in  ovarian  a.scorbic  acid  concentration 
in  th(‘  s(“cond  gland  as  comparetl  to  the  first  constituted  the  response  taken  as  an  index  of 
the  LH  activity  of  the  plasma  (0,  9).  In  presenting  the  results  (Fig.  1-2,  Tables  1  and  2), 
the  im'an  valiu'  of  ovarian  ascorbic  acid  depletion  obtained  on  assay  of  1-4  pools  of 
plasma  from  rats  subjected  to  each  type  of  treatment  schedule  is  presented.  Significance 
of  differences  from  the  control  ovariectomized  value  were  calculated  using  Student’s  t 
test. 

RESULTS 

The  Ejfect  of  Ovorieclomy  on  Plasmo  LH  Activity.  Previou.s  work  iiulieati'd 
that  2  ml.  of  plasma  from  normal  fomalos  pos.sc.s.sos  insufficient  LH  activity 
1o  deplete'  ovarian  ascorbic  acid  of  the  recipient  assay  rats,  and  that  detect¬ 
able  LH  activity  is  found  within  a  week  following  ovariectomy  (7).  This 
el(‘vat(‘d  plasma  LI  I  activity  is  maintaiiu'd  without  significant  increment 
for  at  h'ast  1(5  wei'ks  aft(‘r  spaying  (7).  The  im'an  ovarian  ascorbic  acid 
depletion  obtaiiu'd  on  te.sting  each  of  ten  pools  of  plasma  is  presenti'd  in 
Table  1.  Th('  LH  activity  found  in  ovariectomize'd  rats  was  compan'd  with 
that  found  afti'r  injection  of  ovarian  ste'ioids  (Table  2,  Figs.  1-2). 


TaHI.K  1.  OVAHIAX  ASCdHBIe  ACID  DKIM.ETIdX  I\I)1<  KI)  BY  PLASMA 
FKOM  OVARlhCTOMIZEl)  RATS 


Plasma  pool  number 

Time,  post  ovariectomy  ' 
(we(‘ks) 

'  f  ovarian  ascorbic  acid  depletion 
of  recipient  rats 

1 

10 

13.3+3.5  (5)‘ 

2 

0 

19.9+2.5  (5) 

3 

0 

10.0  +2.4  (0) 

4 

0 

18.0+2.3  (5) 

5 

4 

10.212.7  (5) 

(> 

4 

10.311  .3  (5) 

7 

4 

15.912.8  (5) 

8 

4 

12.312.0  (5) 

9 

4 

13.5  ±1 .5  (0) 

10 

4 

14.7  ±3.7  (5) 

Overall  Mean  15.3  ±0.8  (52) 


‘  Mean  ±SKM;  no.  of  assay  rats  in  parenthesis. 
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Fig.  1.  The  effect  of  subcutaneous  injections  of  estradiol  benzoate  on  the  LH  activity 
of  ovariectoinized  rat  plasma.  The  tliree  liorizontal  lines  near  the  toj)  of  the  tif^ure  rej)re- 
sent  the  values  found  in  the  ovariectoinized  controls.  The  line  in  the  middle  represents 
the  mean  value,  the  lines  above  and  below  this  corresiiond  to  plus  and  minus  one  standard 
error  of  the  mean.  The  vertical  line  at  each  point  rejiresents  one  standard  error  of  the 
mean,  while  the  numbers  at  the  points  refer  to  the  numbcu'  of  assay  rats  emiiloyed  to 
obtain  the  mean  value.  The  arrow  refers  to  the  time  of  injection  of  steroid. 

The  Ejject  of  Subeuloncous  Injection  of  Estrodiol  benzoate  (Eb)  on  Plasma 
LH  Aetivity.  Injection  of  the  masf^ive  dose*  of  oO  /ig  of  Kl)  produced  a  linear 
decrea.s(>  in  LH  activity  with  time*  (Fif?.  1);  a  det(‘ctal)l(‘  decliiu*  in  activity 
was  already  pre.sent  when  tests  were  first  made'  one  day  followinfj;  injection 
(P<0.02),  and  a  minimal  value  was  found  thnn*  days  after  the  injc'ction 
(P  <0.001).  At  this  tim(‘  then*  was  no  detc'ctahle  LH  activity  presemt.  Fiv(‘ 
/ig  of  Ft)  similarly  led  to  d(*cr(*a.s(‘s  in  LH  activity  on  m(‘asurement  two  and 
three*  days  after  injection  of  the  ste'roid  (P  <0.001  at  both  time's),  but  in 
this  case  no  appre'ciable  ele'pivssion  e)f  activity  was  appare'iit  one*  elay  afte*r 
injection.  LH  activity  faile*el  to  re*turn  to  the*  pre*-inje*ctie)n  value*  for  at  least 
a  we*e*k.  One*  mK  of  10b  also  pre)eluce*el  a  marke*el  .suppre'.ssieni  e)f  LH  activity  on 
assay  thre'e*  elays  late*r  (P  <0.001),  but  in  this  case*  the*  activity  re*turne*el  to 
the*  pre*-inje*ction  le*ve*l  by  the*  fourth  elay.  The*  minimal  e*ffe*ctive*  elexse*  of  10b 
reejuire'e!  to  suppre*.ss  LH  activity  appe*are*el  to  be*  e)f  the*  orele'r  e)f  0.1  mK,  when 
activity  was  e*stimate*el  thre*e*  elays  after  inje*ction  of  the*  ste*roiel  (Table*  2). 

Vaginal  sme*ars  were*  examine*el  in  the*  ovarie*ctomize*el  elonors  to  .se*e*  if  the* 
e'ffects  of  10b  on  LH  activity  coulel  be*  corre*late*el  with  the*  ele*ve*le)pme*nt  of 
vaginal  e.strus.  In  ge*neral,  following  10b  injection,  ele*pre*s.se*d  le*ve*ls  of  LI  I 
activity  were*  founel  to  coinciele*  with  e*.strous  or  proe*strous  sme*ars;  howe*ve*r, 
ele*cre*ase*d  levels  were*  also  fe)unel  after  inje*ction  of  the*  o  mK  de).se*  on  elays  o,  0 


912 


.MtC’AXX  AXl)  TALKISXIK 


Volume  6f) 


Tabi.k  2.  Thk  kffk»  t  of  vakkh  s  husks  of  kstradioi.  bknzoate  (K1))  on  plasma 

Lll  ACTIVnV  THREE  DAYS  POST-IN.IECTION 


I  )<)s(“  of  Ml)  (mi) 


' ovarian  ascorhic 
acid  cl(‘|)li‘tioii 


(I  (Ovaricctoniizcd  ('oiilrolsi 
0.1 
0.2 
1  .(» 

5.0 

50.0 


15.3  ±0.7  (53) 
9.0  ±  1  .7  (10) 
0.0  ±1  .7  (5) 
4.711.5  (15) 
8.211  .9  (20) 
3.712.2  (15) 


All  valup.s:  Mean  ±SKM;  no.  of  assay  rats  in  |)arpntlips(*s. 


P  vs.  control 


<.01 
<  .01 
<  .001 
<  .001 
<  .001 


and  7  wlicn  tlu*  simair  had  ndunu'd  to  the  di(‘.'!trou8  condition,  and  after  tlu' 
0.2  and  0.1  nfi  dost'.'^  on  day  tliret*  wliilt'  tht*  .'<inears  wt'rt*  di(*striis.  Tlu*  prt's- 
(Mict*  of  an  (“st rolls  or  prot'stroiis  smear,  howt'vt'r,  was  always  a.s.sociatt'd 
with  a  decrea.s(“  in  Id  I  activity  in  plasma. 

The  ElUrl  of  I iilrairtious  Injection  of  Estradiol  (E)  on  Plasnnt  LH  Activ¬ 
ity.  1\  or  I'd)  was  also  jiivtoi  hy  intravt'iioiis  injt'ction  to  set*  if  this  nu'thod  of 
administration  would  result  in  a  shortt'r  latency  of  action  (Fiji;.  2).  Within 
an  hour  aft(‘r  injection  of  (‘ither  substance  by  this  routt*  the  plasma  LH 
activity  was  slifrhtly  but  si}i:nificantly  lowered  (P  <0.001  in  each  cast*).  The 


Fig.  2.  The  effect  of  intravenous  injection  of  estrogen  on  the  LH  activity  of  ovariec- 
toinizi'd  rat  plasma.  The  three  horizontal  lines  lu'ar  the  top  of  the  figure  represent  the 
values  found  in  the  ovariectoinized  controls.  The  line  in  the  middle  represents  the  mean 
value,  the  lines  above  and  below  this  eoi  resjMmd  to  plus  and  minus  one  standard  error  of 
the  mean.  The  vertical  line  at  each  iioint  n'pn'sents  plus  or  minus  one  standard  error  of 
the  m«‘an,  while  the  numbers  at  the  points  refer  to  the  number  of  assay  rats  employed  to 
«)btain  the  mean  value.  The  arrow  refers  to  the  time  of  injection  of  steroid. 
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mean  ovarian  aseorhie  acid  (l(‘pl('tions  induci'd  hy  the  individual  pools  of 
plasma  were  10.8  +  l.ti  (o)-  and  10.0  ±  l.ti  (o)-  in  tlu*  eas('  of  K  and  7.8  ±8.2 
(4)-  and  10.0  ±  1.0  (.5)-  in  the  ease  of  hih.  Yet  a  sif2;nifieant  activity  was  still 
present  at  this  tinu*,  and  surprisinfjly,  the  activity  returiu'd  to  tlu' pn'- 
injeetion  h'vel  4  hours  aftc'r  injc'ction  of  1±  Since*  the  rise  oecurrinp;  at  4 
hours  was  small,  it  may  not  lx*  a  re'al  phenomenon.  The*  activity  was  mark- 
(‘dly  depr(*ssed  on  assay  at  10  hours  (P  <0.001).  Vaginal  ('strus  was  still 
ahsc'iit  at  this  time. 


Disei’ssiox 

The  pr(*.s(*nt  results  el(*arly  show  that  ('strogen  in  large*  e)r  small  ele)se*s  is 
able  te)  ele*ere*ase*  LIl  activity  in  plasma  e)f  e)varie*e*te)mize*el  rats,  pivsumahly 
he*eause*  Lll  se*ere*tie)n  is  marke*elly  iidiil)ite*el  hy  e*stre)ge*n.  A  minimal  e*tfe*et 
e*an  come*  on  within  e)ne*  henir  fedlowing  intrave*ne)us  inje*e*tion  anel  is  pree- 
nounee*el  10  liours  afte*r  e*ithe*r  intrave*ne)us  or  sul)e*utane*e)us  route*s  e)f  ael- 
ministration  of  large*  elose*s.  The*  late*ney  e)f  tliis  e*lfe*et  is  le*ss  than  the*  time* 
re*quire*el  fe)r  eleve*lopme*nt  e)f  a  preK*st  renis  e)r  e*stre)us  vaginal  sme*ar,  hut 
appe*ars  to  he*  le)nge*r  tlian  that  e)f  ee)rtieoids  in  sui)pre*ssing  the*  re*le*ase  e)f 
ACTH.  In  this  latte*r  ease*,  Syelnor  (10)  re*porte*el  suppre*ssion  of  A('T11 
secretion  within  4  minute*s  of  inje*etie)n  of  hyelroe‘e)rtisone*.  The*  time*  re*epure*el 
for  elisappe*aranee*  e)f  LIl  fre)m  the*  eireulatie)n  appe*ars  te)  he*  toe)  she)rt  te) 
account  for  this  eliffe*re*ne*e  l)e*twe*e*n  e)ur  re*sults  anel  tho.se*  e)f  Syelnor.  (The* 
half-life  of  (*xoge*nous  LIl  in  the  circulatie)n  is  e)f  the*  orele*)*  e)f  o-l.’)  minute*s 
(Taleisnik  anel  McCann,  unpuhlishe*el,  11).)  We*  he*lie*ve*  that  stre*ss  incielent 
to  the  inje*ction  prohai)ly  eloe*s  ne)t  influe*ne*e*  the*se*  vahie*s  sine*e*  various 
str('.s.se*s,  such  as  formalin  inje*ction,  inje*ction  e)f  Pitre*ssin  anel  pre)longe*el 
etherization  have  hael  only  minor  e*ffects  on  plasma  Lll  activity  (McCann 
anel  Taleisnik,  unpuhlishe*el). 

Since*  removal  e)f  ovarian  ste*roiels  re*sults  in  e*levate*el  le*vels  e)f  Lll  in 
plasma  (0,  7)  which  are*  ele*cre*ase*el  hy  aelministratie)n  e)f  e*stre)ge*n,  the*  pre*s- 
e*nt  results  are*  in  harmony  with  the*  coiu'cpt  that  this  ste*roiel  re*gulate*s  Lll 
.secre*tie)n  hy  ne*gative*  fe'cel-hack  on  the*  LIl  ce)ntre)lling  are*a(s). 

(Janz  has  recently  re*porte*el  that  e*straelie)l  give*n  for  one*  month  can  sup¬ 
press  the  e*le*vate*el  se*rum  LII  founel  in  spaye*el  fe*male*s  using  the*  ve*ntral 
prostate*  assay  (12).  His  re*sults  are*  in  agre*e*me*nt  with  ours  in  this  re*spe*ct, 
hut  he  also  re*porte*eI  ele*te*ctahle*  activity  in  normal  .serum.  This  latter  re*sult 
is  elifficult  to  corre*late*  with  our  finelings  since*  we*  have*  founel  no  activity  in 
normal  rat  plasma  using  an  assay  which  is  much  more*  se'usitive*  than  the* 
ventral  pre)state*  technieiue. 

.\s  state'd  earlier,  there  is  a  large  he)ely  e)f  e*viele*ne*e*  inelicating  that  e*stre)- 
ge*n  can  also  facilitate*  LII  .se*cre*tion  unele*r  e*e*rtain  circumstance's  (1).  Xe) 
evielence*  for  stimulatie)n  of  LII  se*cre*tion  was  fe)unel,  hut  the*  pre*se*nt  re*sults 

.Me*an  ±  standard  (‘rror  of  mean  (no.  of  assay  rats  teste'd). 
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do  not  nogate  f^iich  a  possibility.  Pinhaps  witli  ditToront  permutations  and 
combinations  of  estrogen-prog(‘st(*ron(‘  dosage  siieli  an  action  will  be 
demonstrat(‘d. 
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STKROID-IXDU(^KI)  CONVULSIONS  IN 
EX  PER  I  MENTAL  AN  I M  ALS^ 

(J.  HEUSEH  AM)  E.  EIDELBEIUP 

School  of  Medicine,  I'niversity  of  California  at  Los  Angeles,  and  Veterans 
Administration  Hospital,  Long  Bench,  California 

AR8TRAC T 

High  (loses  of  Reichstein’s  Cpd.  S  eause  toiiie-clonie  convulsions  in  rats 
and  cats. 

lioth  the  clinical  and  EK(1  data  clearly  indicatt*  that  liml)ic  structures  arc 
predominantly  involved  in  these  convulsions.  The  progression  of  the  dis¬ 
charge's  is  always  initiati'd  in  the  hii)i)oeanii)us. 

Possible  mechanisms  for  these  st'iznres  are  diseussi'd  which  may  be  rc'- 
lat('d  to  the  deve'lopment  of  convulsions  in  man. 

INTRODUCTION' 

ALAlUll']  .scries  of  naturally-occurring;  aiul  synthetic  steroids  have  been 
L  reporti'd  as  posse.ssing;  anesthetic  properties  in  animals  (1, 2,  3,  4),  and 
one  of  them  (hydroxydione)®  is  now  used  as  an  aiu'sthetic  agent  in  surgery 
(o),  Hecently  ((),  7)  attention  was  called  to  the  fact  that  some  naturally 
occurring  steroids  (e.g.  androstenolone,^  Hiechstein’s  Cpd.  S)^  w(*re,  aft('r  a 
single  injection,  capable  of  inducing  generalized  convulsions  in  rats.  The.s(' 
convuLsant  effects  have  reci'ivc'd  far  l(\ss  attention  than  the  anesthetic 
properties  of  other  steroids. 

This  ri'port  deals  with  experimental  data  obtaiiu'd  from  cats  and  rats. 
We  shall  describe  the  clinical  and  electrographic  aspects  of  .seizures  induced 
by  Cpd.  S  (Peichstein). 

METHODS 

Young  Wistar  albino  h'malc  rats,  wc'ighing  .iO-OO  gm.,  w('r('  ('inploycd  in  tin'  initial 
phas('  of  the  ('.xpcrinu'nts.  This  invohu'd  obsc'rvation  of  the  clinical  changes  induced  by 
the  steroid,  and  testing  of  drugs  expc'cted  to  antagonize  or  potentiate  them. 

Young  eats  of  either  sex,  weighing  1. .5-2.0  kg.  were  used  for  electrical  recording.  Roth 
acute  and  chronically  implanted  preparations  were  employed. 

In  acute,  terminal  experiments  the  procedure  included  traclu'al  intubation  and 
stereotactic  i)lacement  of  electrodes  under  ether  anesthesia.  Thesi'  w('re  followi'd  l)y  im- 

R('ceived  .January  21,  1901, 

*  Supi)orted  by  grants  from  the  USPHS  (R-011),  the  Ford  Foundation,  and  the  Los 
.\ngeles  Society  for  Epilepsy, 

*  K('nny  Foundation  Scholar. 

®  Pr('gnan('-3,20-dione-21-ol  sodium  hemisuccinate. 

*  Synonyms:  AMehydro-iso-androsterone,  A^-dehydro-epi-androsterone. 

®  =  17a-hydroxy-l  1-desoxycorticosterone,  also  named  cortexolone. 
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mobilization  with  a  curariform  drug  (Flaxodil*)  and  frt'(iuont  procainization  of  all  wound 
margins  and  ])n‘ssur('  points  during  tin*  remainder  of  the  experiment.  The  animals  were 
artifieially  ventilated  under  positive  pressure.  Eleetrieal  recording  was  started  at  least 
two  hours  after  discontinuation  of  the  ether.  All  records  wctc*  taktm  bcdwecm  focal  hauls 
and  a  common  reference  in  the  skin.  In  some  exi)eriments.  a  j^iir  of  steel  needle  electrodes, 
spaicd  vertically  at  a  distanc(>  of  1  mm.,  was  employed  to  record  simultaneously  from 
two  levels  in  the  dorsal  hippocamims. 

In  chronic  exi)eriments.  steel  needle  electrodes  were  stereotactically  implantetl  in 
multiple  subcortical  loci.  Cortical  .silver  ball  electrodes  were  placed  on  tlu'  intact  dura. 
The  whole  assembly  was  joined  to  the  skull  and  to  a  multi-lead  miniatun'  connector  with 
dental  c('ment.  This  implanting  procedun*  was  carrital  out  undc'r  i)entobarbital  narcosis. 
Electri(‘al  records  wen*  taken  2-3  weeks  later  by  connecting  the  animals  to  an  eight- 
channel  ink-writing  oscillograph  through  a  flexible  multi-lead  cable. 

In  all  illustrations,  negativity  at  the  focal  leads  is  shown  as  an  upward  deflection  of 
the  traces. 

All  dec*])  electrode  i)lacements  were  controlh'd  in  scuial  sections  of  the  formalin-fixed 
brains. 

Cpd.  S  (Reichstein)  was  obtained  as  tlu'  free  alcoliol,  the  acetate  or  the  succinate 
(  =  hemisuccinate).  The  fn'c  alcohol  and  the  ac('tate  were  susiamded  in  heated  sesame  oil 
for  intrai)eritoneal  injection.  The  succinate  was  dissolved  in  water  with  one  molar 
etpiivalent  of  sodium  carbonate.  This  solution,  too, 'was  injected  intrai)eritoneally.  All 
other  drugs  were  dissolved  in  normal  saline  and  injected  by  the  same  route. 

RESULTS 

('linicdl  cjj'ccts  of  ('pd.  S  in  rats  and  cats 

After  a  <l().s(‘*of  oOO  400  nifr.  kg;,  of  tin*  steroid  sueeiiiat<*  tlu*  outstanding; 
f(‘atur<',  in  both  eats  and  rats,  was  tlie  development  of  g;(‘neraliz(‘d  tonie- 
{‘lonie  eonvulsions.  Tlie.st*  occurred  first  about  min.  after  i.p.  injec¬ 

tion.  Th(\v  lastc'd  up  to  om*  minut(‘  and  re-appear(‘d  at  progrt'ssivcdy  shorter 
intervals  until  the  animal  died  or  was  treatcul  witli  g;('neral  anesthetics.  As 
tim<‘  j)rog;r<‘ss(‘d  th<‘  animals  l)(*cam(*  incr(‘asing;!y  depress(‘d  in  the  intervals 
b(“tw(‘(‘n  sei/AiH's.  Finally  status  epilepticus  with  decerebrate  rig;idity  and 
tonic  .seizure*  activity  (h'velopc'd.  Wlu'u  Cpd.  S  (fr(*(*  alcoliol  or  acetate)  was 
g;iv('n  in  oil  (at  a  dose  of  700  000  mg;,  kg;.)  .seizure  activity  first  app(*ar(“d 
hours  aft(*r  inji'ction  and  last<*d  for  many  hours  (up  to  more*  than  12 
hours  in  .some  animals).  In  both  .sp<*ci(*.s  the  character  and  time  course  of  tlu* 
g;rand  mal  seizur(*s  was  similar. 

The  period  pr(*ceding;  the  development  of  the  convulsions  was  character¬ 
ized  by  (juickly  increasing;  inactivity  in  rats  while  ag;itation  developed  in 
cats.  This  period  started  5-15  min.  after  injection  of  the  steroid  (in  water  or 
in  oil).  Cats  .show(*d  marked  tachypnea,  sialorrhea,  mydriasis  and  usu¬ 
ally  retching;,  with  or  without  vomiting;.  Often  this  ag;itated  pha.se  in  cats 
was  accompani(*d  by  aimle.ss  searching;  movements  or  Interrupted  by 
“fr(*(*zing;”  and  staring;.  By  contrast,  rats  only  lM*came  tachypneic  and,  in 
addition,  showed  tlu*  following;  typical  .sig;ns  during  the  pre-.s(*izure  p(*riod: 
Th(*y  often  .sat  up  and  rubb(*d  th(*ir  snouts  with  both  for(*-paws.  Tlu*  paws 
b(*canu*  (*xc(*(*dingly  sensitive*  to  touch  as  judg(*d  by  withdrawal  movements 
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I'lfi.  1.  Gro.xs  anatomy  of  the  hii)pocampus  and  amyf^dala  of  tlie  cat  and  rodent. 


and  .'^cn'aininp;.  Thi.s  wa.s  followed  by  oxophtlialino.'<,  twitcliinp;  of  fact*  and 
(*ar.s,  and  a  pt'culiar  inovt'incnt  of  some  animals  in  which  tlu'v  hacked  np  a 
few  steps  with  their  hind  lefijs  s(‘t  far  apart.  Shortly  aft(*rwards,  tin*  Krand 
inal  seizures  occurred. 

Elcclrocjmphic  changes  induced  by  Cpd.  S  in  cats 

l*dectrod(*s  had  he(*n  jtlact'd,  in  all  preparations,  in  tin*  midbrain  t(*gmen- 
tum,  thalamus  (VPL),  latt'ral  hypothalamus,  dorsal  hiitpocampus  (Fis.  1), 
amygdaloid  and  caudatt*  nuch'i,  and  sigmoid,  suprasylvian  and  postt'iior 
marginal  cortex. 

After  an  intra peritoneal  do.st*  of  100  -400  mg.  kg.  of  C'pd.  S  scucinatt*  (or 
of  the  free  alcohol  or  acetatt*  in  oil  at  a  higher  dose  h'vel)  characteristic 
recordings  wen*  obtained  in  both  acute  and  chronic  pn'parations. 

In  all  freely  moving  “chronic”  cats  (Fig.  2B),  but  also  (to  a  much  le.sser 
degree)  in  “acute”  pr(*parations,  a  rhythmic,  high  fn'tjuency  high-ampli¬ 
tude  pattern  was  recorded  from  the  amygdala.  This  was  the  first  significant 
electrographic  change  and  coincid(‘d  with  the  pr(*-seizur('  b(‘havior  de- 
.scrib(‘d  in  the  pr(‘C(*ding  s(*ction.  Similar  amygdaloid  pattc'ins  w(>r(*  r(*port(*d 
after  cocaine  (S)  and  in  conditions  of  excit(*d  att(‘ntion  (9)  in  (*ats. 

Following  this,  abnormal  rapid,  high-voltagi*  discharge*,  lat(‘r  breaking 
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CONVULSIONS  AFTER  Cpd  S  SUCCINATE  (4oomg/kg) 

A.  Control 

L.  Sig  Ck.  —...■I.  - . . -  ■■.■I....  ..... 

LVPL  - - — - - — I . . . . . . . . . 


L  Ret  F 
L  Mipp 


P  Amygd 


B  10  min  after  injection 


.»****' s' 


C  35  min  after  injection 


Fig.  2.  A.  Control  record  from  chronically  implanted,  freely  movinf?,  eat.  B.  Rhyth¬ 
mic,  high  frcfiueney  amygdaloid  activity.  The  eat  shows  all  preeonvulsive  changes  de¬ 
scribed  in  the  text,  but  no  overt  seizures.  C.  Seizure  activity  begins  in  the  dorsal  hip- 
|)oeami)al  leads  and  becomes  generalized.  .\bbr. :  Sig.  (\.  =  Sigmoid  (sensori-motor) 
cortex;  SS  Cx  =  Suprasylvian  cortex;  VPL  =  Thalamic  n.  ventralis  postero-lateralis; 
Ret.  F.  =  Rf’ticular  formation  of  the  brain  stem. 
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into  paroxysmal  spiking,  dovolopod  in  a  fixod  seqiumce  in  every  ease.  It 
always  started  in  both  hippocampi  (Fig.  2),  followed  a  few  seconds  later  by 
similar  bursting  in  the  amygdaloid  nuclei  (Fig.  8),  then  appeared  in  the 
hypothalamus,  midbrain  tegmentum  and  thalamus.  This  part  of  the  se- 
(luence  coincid(‘d  in  time  with  the  first  clinical  signs:  staring,  salivation, 
mydria.sis  and  the  onset  of  tachypnea,  (leneralized  high  frequency  “tonic” 
firing,  followed  by  rhythmical  after  discharges  in  all  leads  accompani(‘d  the 
dev(dopment  of  the  grand  mal  convulsions.  Varying  degrees  of  depression 
of  KFXi  activity  (“isoelectric  phase”)  followed  each  convulsion. 


CONVULSIONS  AFTER  Cpd.  S  SUCCINATE 
( 50  min.  after  300  mg/kg ) 


Hipp. 

Amygd. 


1  sec. 

Fig.  3.  Oscilloscopic  registration  on  liif;h  s])ee(l  movinp;  film  (aeute  exix'riinent)  shows 
that  eleetrieal  seizure  aetivity  in  tlic  hippoeampus  precedes  amygdaloid  seizures. 


The  records  were  almost  normal  in  appearance  during  the  first  few 
interictal  periods.  Later  on,  slow  activity  b(‘came  progn'ssively  dominant 
as  deterioration  of  th(‘  preparations  set  in. 

SimultaiK'ous  oscilloscopic  registration,  on  high-spe('d  moving  film,  of 
records  from  electrodes  placed  above  and  below  the  pyramidal  cell  layer  in 
the  dorsal  hippocampus  showed  clearly  (Fig.  4)  that  convulsive  firing  in  tin* 
layer  of  the  apical  dendrites  prec('ded  the  appearance  of  .similar  activity  in 
the  records  from  the  basal  dendritic  layer.  The  significance  of  this  will  b(‘ 
discus.sed  elsewhere  (Fidelberg,  to  be  published). 

Fig.  o  shows  a  record  from  an  acute  preparation  (i  hours  after  intra peri¬ 
toneal  injection  of  Cpd.  S  in  oil.  At  this  time  convulsive  patterns  followed 
each  other  within  short  intervals.  It  was  interesting  to  note  that,  during  the 
interval  between  seizures  (Fig.  5),  the  hippocampus  contimu'd  to  fire  while 
other  leads  showed  typical  flatness.  .Vlthough  this  interictal  firing  of  the 
hippocampus  was  clearly  seen  only  in  this  particular  cat,  it  underlines  the 
prominent  role  of  the  hippocampus  in  the.se  seizures. 
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HIPPOCAMPAL  CONVULSIONS  AFTER 
Cpd  S  SUCCINATE 
( 30  min.  after  300  mg/kg ) 

S.  rad. 

S.  or. 


AV/''‘vAiAAA./’ 


I  80dz/V 


sec. 


Fig.  4.  Consocutivc  high-spowl  recordings  (acute  experiment).  Electrical  seizure  ac¬ 
tivity  first  starts  in  the  layer  of  the  apical  dendrites  (=stratum  radiatuin)  and  shortly 
afterwards  involves  the  layer  of  the  basal  dendrites  (  =  stratum  oriens)  in  the  dorsal 
hippocamims. 


The  effect  of  drugs  on  convulsions  in  rots 

While  anesthetic  drugs  and  steroids  prevent  or  abolish  .steroid-induced 
convulsions  (G,  7),  none  of  the  following  substances  had  any  significant 
long-la.sting  effect  in  this  regard  (groups  of  G  rats  each,  including  a  control 
group) :  Chlorpromazine  hydrochloride  (.5  mg./  kg.  i.p.  00  min.  before  injec¬ 
tion  of  Cpd.  S);  Dibenamine  (30  mg.  kg.  i.p.  90  min.  before  injection  of 
Cpd.  S);  Hydroxylamine  (GO  mg.  kg.  i.v.  30  min.  before  injection  of  Cpd. 
S);  Phenylisopropyl-hydrazine  (Catron®)  (10  mg.  kg.  i.p.  90  min.  before 
injection  of  Cpd.  S) ;  Pyridoxine  hydrochloride  (up  to  .300  mg.  kg.  i.v.  after 
first  convulsion);  Keserpine  phosphate  (o  mg.,  kg.  i.p.  90  min.  before  injec¬ 
tion  of  Cpd.  S). 

Diphenylhydantoin  sodium  was  given  intravenously  in  doses  up  to  and 
exc(‘eding  100  mg./kg.  Only  doses  high  enough  to  cause  sev<‘re  depression 
with  loss  of  righting  reflex  diminished  .seizure  activity.  However,  dilantin 
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+  6  hrs  after  800  mg/kg  (Ac  in  oil) 
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Fig.  o.  Record  during  generalized  convulsion  following  C'jhI.  8.  It  is  seen  that  “tonic” 
discharges  can  he  recorded  from  the  hippocampus  at  a  time'  when  electrical  activity  is 
very  much  depressed  in  the  re.st  of  the  brain. 


iu‘ver  r(*(liic(‘(l  the  overall  mortality.  All  these  effects  were  observc'tl  regard¬ 
less  of  whether  dilantin  was  given  afttn-  seizures  had  developed  or  up  to  4 
hours  prior  to  .seizure*  onset. 


DISCUSSION' 

The  n'sults  of  the.se  expe'riinents  clearly  indieatt*  that  convulsive  eleetri- 
eal  activity  can  lx*  recordixl  from  limbic  structures  (hippocampus  and 
amygdaloid  nuclei)  following  administration  of  pharmacological  doses  of 
Keichstein’s  Cpd.  S.  This  (‘lectrographic  pattern  is  accompanied  by  a  clini¬ 
cal  picture  essentially  similar  to  that  described  many  times  befon*  (10,  11, 
12)  when  convulsions  w(*r(‘  induce'd  by  high  fnxiuency  electrical  stimulation 
or  by  local  application  of  drugs  or  irritants  to  the  hippocampus  or  amyg¬ 
dala.  (Jeneralization  of  this  abnormal  discharge*  to  other  brain  structure's 
was  accompanie*el  by  clinical  granel  mal  se*izure*s. 

While  it  is  eviele*nt  that  the  hippocampus  anel  re‘late*el  structure's  are^ 
primarily  involveel  in  this  convulsive  activity,  thi.s  shenilel  not  be*  taken  to 
imply  that  a  se*le*ctive*  e*ffe'ct  eif  Cpel.  S.  on  tlu'.se  structure's  is  nee*e*ssarily  the* 
cause*.  The  rea.sons  are  e*sse*ntially  two;  first,  the*  hippeicampus  is  known  to 
have  a  very  low  thivsholel  for  ge*ne*rating  e*onvulsive  elischarge*s  after  me*- 
chanical  or  electrical  stimulation  (Kl),  or  in  response*  to  some  substance's 
not  re*late*el  to  stereiiels,  e.g.  thio.semicarbazide*  (14),  pyrieleixine*  anti- 
metabolite's  (lo),  insulin  (lb,  17),  anel  even  hype'rtonic  saline*  (IS).  Se*c- 
onelly,  a  lowering  e>f  the*  thre'sholel  for  the*  eleve'lopment  of  cemvulsions  may 
have  occurre'd  in  e)the*r  structures  to  proeluce*  the  full  granel  mal  picture* 
which  followexl  the  limbic  anel  brainstem  discharge's.  The  ge*neral  me*cha- 
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nisnifs  of  hippocampal  seizure  propagation  are  very  complex  (19,  20,  21), 
and  remain  to  he  elucidated  in  detail. 

Other  important  questions  are  related  to  the  hiochemical  mechanisms 
involved  in  the  induction  of  convulsions  by  steroid  hormones. 

The  possibility  that  chang(*s  in  brain  gamma-aminobutyric  (GABA) 
levels  coukl  b(‘  responsible  for  the  development  of  these  convulsions  was 
rul(*d  out  by  (‘xperiments  on  rats  (unpublislu'd).  Direct  measurements  of 
GABA  levels  in  various  stnictures,  including  the  hippocampus,  did  not 
indicate  any  significant  changes.  Interference  with  GABA  levels  by  hy- 
droxylamine  and  thiosemicarbazide  did  not  change  the  pattern  of  the 
convulsions  or  the  susceptibility  of  the  animals. 

During  convulsions  rats  were  hyperglycemic  and  showed  no  significant 
changes  in  their  .serum  electrolytes  (\a,  K,  Cl)  (unpublished). 

Tachypnea  is  a  prominent  feature  of  the  clinical  picture  induced  by  the 
.steroid  in  both  .species.  The  possibility  that  it  could  be  causally  (through 
respiratory  alkalosis)  involved  in  the  convulsions  was  ruled  out  in  the  acute 
experiments  in  which  the  respiration  of  the  animals  was  controlled  exter¬ 
nally. 

The  adrenals  (22)  and  steroid  hormones  have  been  known  for  many  years 
to  influence  greatly  the  function  of  the  CNS.  The  work  of  Woodbury  and 
associates  (22)  has  shown  that  many  steroids  lower,  while  others  increase, 
the  electroshock  seizure  thn^shold  when  given  on  a  pretr(*atment  schedule. 
Many  clinical  reports  point  in  the  same  direction.  They  indicate  that  .sex 
hormones  influence  the  time  of  on.set  and  incidence  of  .seizures  in  epileptic 
patients  (28,  24,  2o),  Seizure  discharges  have  also  been  observed  in  patients 
after  treatment  with  corticoids  (20).  Whereas  .seizures  after  long  exposure 
to  relativ'ely  high  levels  of  steroid  hormones  now  constitute*  a  well-known 
but  still  larg(‘ly  unexplained  phenomenon,  the  fact  that  .seizures  can  occur 
in  mice  (8,  4),  and  cats  after  a  single  injection  of  some  steroids,  is  not  so  well 
known. 

The  po.ssible  ditt'erence  in  action  after  single,  as  opposed  to  multiple, 
administration  of  a  hormone  (or  drug)  should  be  stre.s.sed  at  this  point. 
While  Cpd.  S,  in  small  do.ses,  chronically  increa.sc's  the  electroshock  seizure 
threshold  (27),  it  has  an  apparently  opposite  effect  when  given  acutely  in 
high  doses. — Cortisol  is  another  case  in  point.  Chronic  treatment  is  known 
to  decH'a.se  the  electroshock  seizure  threshold  markedly  (27)  while  an  acute 
overdo.'^age  (single  injection  up  to  (SOO  mg./kg.)  induc(‘s  neither  convulsions 
nor  anesthesia  in  rats  (b,  7).  However,  the  action  of  various  anesthetics 
may  be  greatly  potentiated  by  single  injections  of  a  high  dose  of  corti.sol 
((),  7). — A  single  high  do.se  of  corticosterone  induces  anesthesia  in  rats  (b, 
7),  but  this  compound  has  no  comparable  effect  on  the  electroshock  seizure 
threshold  under  chronic  conditions  (27). 

It  is  well  known,  that  after  repeated  administration,  tolerance  to  various 
anesthetics  (including  certain  steroids)  develops  .so  that  their  anesthetic 
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effects  an>  diminislied  or  disapp('ar.  This  phenomenon  may  also  play  a  roU' 
in  explaining  differences  between  acute  and  chronic  effects  of  the  same 
hormone  (whether  secnded  internally  or  administered  in  higher  doses). 

With  this  in  mind,  a  delicate  balance  of  convulsant  and  anesthetic 
steroids  can  be  envisag(*d.  Its  ultimate  effect  may  depend  not  only  on  their 
blood  or  tissiu'  level  at  any  oiu'  moment  but  also  on  the  preceding  history  of 
hormone  output,  and  on  additional  conditioning  factors. 

One  of  th(‘  main  objections  to  the  assumption  that  Cpd.  S  or  other 
steroids  are  in  some  way  related  to  .seizures  in  man  is  the  fact  that  the 
do.sage  so  far  employed  by  us  in  cats  and  rats  is  very  high,  in  the  “pharma¬ 
cological”  rang(‘.  How(*ver,  man  may  be  much  mon*  sensitive  to  these* 
steroids  than  other  mammals.  It  should  also  be  pointed  out  that  a  dose* 
sufficient  to  cause  local  .seizure  activity  in  the  hippocampus  is  4  to  \  of  the* 
do.se  which  induces  grand  mal  .seizures.  Also,  minimal  effective  do.se  levels 
for  any  convulsive  activity  were  not  actually  studh'd  in  our  experiments, 
which  w(‘re  primarily  ainu'd  at  first  establishing  the  gross  features  of 
steroid-induced  convulsions.  Thus  it  may  well  be  that  in  the  future  a  steroid 
will  be  found  which,  at  low  dosage's,  may  trigge'r  seizure's  under  more 
“physiological”  conelitions. 

Whatever  the  actual  role  of  Cpd.  S  or  any  other  convulsive  ste'renel  in 
epilep.sy  or  relate'el  conelitions  may  be,  we  believe  that  steroiel  convulsions 
are  of  givat  intere'st.  They  proviele  a  tool  to  ineluce  ami  observe  local  (hip¬ 
pocampal  and  amygdaloid)  and  generalize'd  inte'rmittent  convulsions  for 
many  hours  in  acute  and  chronic  preparations.  In  their  electrographic 
pattern  anel  re'sistance  to  elrug  tre'atment  they  resemble  temporal  lobe 
epilep.sy  anel  may  thus  proviele  a  moelel  for  therape'utically-directe'd  re¬ 
search. 

Addendum 

Since  this  manuscript  was  .submitte'd,  pre'liminary  e'xpe'riments  have* 
shown  that  the  Ce'bus  monkey  (Kiele'lberg,  K.,  anel  C.  A.  Salelias: ,/.  Comp. 
Xcurol.  115:  lOff,  1900)  is  much  more  sen.sitive  than  the*  cat  or  rat.  Two 
monke'ys  hael  seizure's  within  10  min.  anel  elie'el  20-ff0  min.  after  an  intra- 
pe'ritoneal  inje'ction  of  100-200  mg.  kg.  of  Cpel.  S  succinate'.  In  rats  anel 
cats,  this  is  neff  a  fatal  elose. — After  20  mg.  kg.  of  this  compounel  (i.p.), 
our  first  chronically  implante'el  monke'y  showe'el  inte'rmittent  pe'iioels  of 
sU'ep  with  comph'te'  relaxation  while  in  his  chair.  In  the*  ITXJ  re'corel,  the^se 
were  accompanie'd  by  long-lasting  “.sleep-spinelles.”  Wlu'n  more  compound 
was  inje'cted,  this  pattern  of  intermittent  “sk'ep”  was  even  more  pro¬ 
nounced  until  .seizure's  e've'titually  supe'rvene'el. 

Acknowledgments 

The  autheers  gratefully  acknowledge  the  teehnieal  assistance  of  .lames  Cummings, 
Ludwig  Marrone  anel  Irene  Austin.  The  Schering  Research  Division  seipplieel  a  generous 


L 


924 


HKl'SKR  AND  KIDKLHKIKJ 


Volume  b‘U 


amount  of  ('pd.  S  21-lH'mi?iUfcinatc‘.  the  Pfizer  Researeh  Lal)oratory  i)rovi(le(l  C'pd.  S  as 
the  free  alcohol  and  acetate,  and  Lakeside  Laboratories  the  i)henyl-isopropyl-hydrazine 
(Catron*). 


UEFEREN'CES 

1.  Sklyk,  II.;  /Vor.  Soc.  Exper.  Biol.  &  Med.  46:  lib.  1941. 

2.  Sklyk,  IL:  Endocriuologi/  30:  437.  1942. 

3.  Figdok.  S.  K..  .M.  J.  Kodkt.  IL  M.  Hloom.  K.  J.  .\g.\kllo,  S.  Y.  P’.w  .\.\1)  G.  D. 
L.yuhach:  J.  Phormncol.  &  Exper.  Thera p.  119:299.  1957. 

4.  WrrzKL,  IL:  7A»ehr.  Vitamin-,  llormou-  a.  Eermentjorsch.  10:  40.  1959. 

5.  .Muri’uy,  F.  j.,  X.  P.  Guai).\g.vi  axd  F.  dkRox:  J..1..U..1.  158:  1412.  1955. 

0.  Hkuskh,  G.:  Thesis  (Ph.I).)  Fniversity  of  iNIontreal.  1957. 

7.  Hki'skr,  G.:  Revue  Canad.  de  Biol.  17:  229.  195S. 

S.  F.iukluerg.  K.,  IL  Lkssk  axd  F.  P.  Gault:  Eed.  Rroc.  20:  322.  1901. 

!♦.  Lkssk,  IL:  Rroe.  First  I nteruational  Congre.ss  Xeurol.  Se.  3:  177.  195!). 

10.  Blum,  IL  axd  K.  Lirax:  Xeurologg  10:  540.  1!)00. 

1 1.  Grkk.x,  j.  I)..  C.  1).  Clk.mkxtk  axd  .1.  dk  Grout:  .l..l/..t.  .\rrh.  Xeurol.  it  Rsyrhiat. 
78:  2.59.  19.57. 

12.  MacLkax,  P.  1).:  .1..1/..1.  .\rrh.  Xiurol.  it  Rsyehiat.  78:  12S.  1957. 

13.  .\XDY,  O.  .1.  AXD  K.  .\kkrt:  J.  Xeuropath.  it  Exper.  Xeurol.  14:  19S.  1955. 

14.  Fidklrkrg,  K.  ( rni)ul)lislied  observations) 

15.  PuRRURA.  I).  P.  AXD  ().  Goxzalkz-Moxtkagudo;  J.  Xeuropath.  it  Exper.  Xeurol.  19: 
421.  19(K). 

Hi.  Tokizaxk,  T.  a.xd  ('.  IL  Sawykr;  .1..1/..1.  .\reh.  Xeurol.  &  Rsychiat.  77:  2.59.  1957. 
17.  Vax  .Mktkr,  W.  G.,  IL  F.  Owkx.s  axd  IL  K.  IIimwich:  .1..1/..1.  Arch.  Xeurol.  A- 
Rsychiat.  80:  314.  19.5S. 

LS.  Sawykr,  ('.  11.  axd  IL  K.  Gkrxaxdt:  Am.  J .  Rhysiol.  185:  209.  19.5(). 

19.  Grkkx,  .1.  1).:  in  Temporal  Lobe  Epilepsy,  .M.  Baldwin  el  al.  (editors).  Cliarles  C 
Thomas,  Si)rinf;field,  19.5S. 

20.  Grkkx,  .1.  1).  axd  T.  Shimamoto:  .1..1/..1.  .\rch.  .\eurol.  it  Rsychi(d.  70:  0S7.  19.53. 

21.  Morix,  F.  a.xd  .1.  1).  Grkkx:  .1  m.  J .  Rhysiol.  175:  2.51.  19,53. 

22.  Woodbury,  I).  M.:  Rharmacol.  Rev.  10:275.  19.5S. 

23.  .VxsKLL,  IL  AXD  F..  ('lark:  Lancet  27\:  1232.  19.50. 

24.  Laidlaw,  .L:  Lancet  271:  1235.  1950. 

25.  Logotuktis,  .L,  R.  Harxkr.  F.  Morrkll  axd  F.  Torres:  Xeurology  9:  3,52.  19.59. 
20.  Goulox,  .M.  axd  P.  ,\ubkrt:  Rev.  Xeurol.  100:  .590.  19.59. 

27.  Woodbury,  I).  M.:^.  Rharmacol.  it  Exper.  Therap.  105:  27.  1952. 


A(TTK  KKI)U(TI()X  IN  EXTRA('ELLULAR  FLUID 
VOLUME  AND  THE  (X)NCEXTRATI()N  OF 
AXTIDIURETK’  HORMONE  IN  BLOOIT 

LEOXAIH)  SHARE 

Department  of  Dliysiologij,  llV.s/f7’«  Reserve  I'nii'ersitij,  School  of  Medicine, 
Cleveland,  Ohio 

ABSTRACT 

A  new  chemical  method  for  the  extraction  and  purification  of  Idood  anti- 
diurc'tic  hormone  (ADH)  has  been  apjdied  to  the  stud}'  of  the  effect  of  a  re¬ 
duction  in  t'xtracellular  fluid  volume  on  tin*  release  of  ADH  in  the  dofj.  The 
extracellular  fluid  volume  was  reduced  by  i)eritoneal  lava}!;e  with  a  hypertonic 
solution.  This  hypertonic  solution  had  an  electrolyte  composition  similar  to 
that  of  interstitial  fluid  and  a  }:;lu<'ose  concentration  of  1(1%.  Twenty  minutes 
after  tlu'  start  of  lavage  the  concentratiou  of  .\DH  in  jugular  vein  blood  had 
increas(‘d  six-fold.  At  this  time  there  was  oidy  a  ndatively  small  reduction  in 
extracellular  fluid  volume.  The  i)lasma  osmolality  was  increased  by  4%  as  the 
result  of  an  influx  of  glucose  from  the  lavage  solution.  However,  the  increased 
blood  concentration  of  .\1)H  was  ai)pareutly  not  the  residt  of  the  incn-ased 
plasma  osmolality.  When  the  plasma  osmolality  was  elevated  to  a  similar 
extent  by  the  intravenous  infusion  of  a  concentrated  glucose  solution,  the 
concentration  of  ADH  in  jugular  v('in  blood  was  not  affected.  Thus,  it  is  con¬ 
cluded  that  acute  reduction  in  extracellular  fluid  volume  results  in  increased 
release  of  .VDH  by  the  neurohypophyseal  system. 

IT  IS  widely  hold  that  tlu*  roloaso  of  antidiurotic*  hoimono  (ADH)  i.s 
influonct'd  hy  ohangtxs  in  the  volumt*  of  the  interstitial  eompartment 
and  or  the  vaseular  eompartment  (see  reviews  by  Smith  (1)  and  Strauss 
(2).  However,  the  evidence  in  support  of  this  eonet'pt  is  larsf'ly  indirect, 
based  on  expc'riments  in  which  chang:es  in  urine  volume  in  the  exp(‘rimen- 
tal  subject  an*  taken  as  an  index  of  chang:(*s  in  ADH  ndease.  I"nfortunat<‘ly, 
many  of  these  experiments  art'  furtlu'r  complicated  by  concomitant  changes 
in  solute  excretion  and  renal  hemodynamics.  There  hav(‘  b(*en  no  satisfac¬ 
tory  studies  in  which  the  efb'ct  of  changes  in  (‘xtracellular  fluid  volume  on 
the  blood  level  of  ADH  has  b(‘en  directly  (U'termiiu'd.  The  development  by 
Sachs  and  his  associates  (3,  4)  of  a  chemical  procedure  for  the  extraction, 
purification  and  concentration  of  small  (piantities  of  ADH  in  blood  makes 
it  possible  to  confer  considerable  spc'cificity  and  .sensitivity  to  the  bioassay 
proc(*dur(\s.  In  the  present  investigation  this  method,  modificul  for  small 

‘  This  investigation  was  supimrted  in  part  by  a  PHS  research  grant,  H-lGdO  ((’,  (57) 
from  the  National  Heart  In.stitute,  Public  Health  Service,  and  in  i)art  by  a  grant  from 
the  Cleveland  Area  Heart  Society. 
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volumos  of  blood  and  coupled  with  a  .sensitive  antidiuretie  hioassay,  lias 
been  employed  to  determine  ADH  in  blood  under  eireumstanees  of  a  re¬ 
duced  extracellular  fluid  volume.  Evidence  is  pre.sented  to  support  tlu* 
hypothesis  that  a  reduction  in  extracellular  fluid  volume  results  in  an  in¬ 
creased  release  of  ADH. 

METHODS 

Extraction  and  purijication  of  ADH.  The  method  of  Sachs  and  his  associates  (3.  4)  has 
been  modified  for  use  with  small  volumes,  10-1.')  ee..  of  blood.  The  blood  was  added  to  4 
volumes  of  iced  12. .5%  triehloroaeetie  acid  (TC'Al.  The*  solution  was  stirred  eontinuouslv 
with  a  matinetie  stirrer  during  tin*  addition  of  the  blood.  The  mixture  was  then  cen¬ 
trifuged  briefly  to  separate  the  preeii)itated  i)rotein.  The  suix'rnatant  was  saved  and  the 
precipitate  extracted  once  with  one  volume  of  10%  T('.\  and  twice  with  half  volumes  of 
.5%  T('A.  The  supernatants  were  combined  and  filtered  through  Whatman,  No.  12  filter 
l)aper.  The  TC'.\  was  nunoved  from  the  supernatant  by  extraction  .3  times  with  equal 
volumes  of  ethyl  ether.  The  aqueous  j)hase  was  brought  to  i)H  4. .5  with  a  dilut(>  solution 
of  NH^OH.  The  extract  was  then  passed  through  XE-()4  resin,  in  the  hydrf»gen  form  in  a 
column  one  cm.  in  diameter  and  one  cm.  high  at  a  flow  rate  f)f  api)roximately  one  ee. 
min.  The  column  was  then  washed  with  10  ee.  of  water  and  the  .VDH  was  eluted  with  2o 
ee.  of  a  30%  i)yridine — 4%  acetic  acid  solution.  'I'he  eluate  was  collect(“d  in  flasks  con¬ 
taining  3  mg.  of  1-cystine  in  0..5  ml.  of  17.0%  formic  acid,  'i'he  eluate  was  evaporated  to 
dryness  with  a  Rinco  flash  evaporator.  'I'he  dried  residue  was  taken  uj)  in  several  cc.  of 
distilled  water  and  evaporated  to  dryness.  'I'his  process  of  addition  of  water  and  evapora¬ 
tion  was  rep(‘ated  o  more  times  to  nunove  all  traces  of  })yridine.  'I'he  residue  was  taken 
up  in  a  convenient  volume  of  0.9%  NaCl — 0.0285%  acetic  acid  and  centrifuged  to  re¬ 
move  the  preci])itated  1 -cystine.  'I'he  solution  was  then  n'ady  for  assay.  'I'he  preparation 
of  the  XE-04  resin  has  been  described  by  Weinstein  et  al.  (3).  'I'ln*  column  chromatog¬ 
raphy  was  conduct(‘d  at  4°  ('. 

liioassai/  of  ADD.  Male  rats,  weighing  300-400  gm.  were  dei)rived  of  food  on  tin* 
aft(‘rnoon  prior  to  the  assay.  On  the  morning  of  the  assay,  the  rats  were  hydratc'd  with 
warm  tap  water,  5  cc.,  100  gm.  body  weight,  by  gavage.  Forty-five  minutes  later  the  rats 
were  given  12%  ethanol,  5  cc.  100  gm.  body  weight,  by  gavage.  A  surgical  lev(*l  of 
anesthesia  was  usually  achieved  within  30  to  40  minutes.  .\n  external  jugular  vein  was 
exposed  and  catheterized  with  ])olyethylene  tubing  (PE-20)  for  the  injection  of  unknown 
and  standard  .VDH  solutions.  The  urinary  bladder  was  exposed  through  a  low,  mid-line, 
abdominal  incision.  'I'he  urethra  was  ligated  and  the  bladder  catheterized  with  clear, 
flexible,  i)lastic  tubing  (electrical  insulating  tubing)  with  an  inside  <liameter  of  0.006  in. 
'I'his  catheter  led  to  two  short  lengths  of  stainless  steel  tubing  separated  by  a  short 
length  of  plastic  tubing.  'I'he  sc'gments  of  stainless  steel  tubing  served  as  electrodes.  .V 
final  length  of  plastic  tubing  h‘d  to  a  graduated  pipette  so  that  the  urine  volume  could  be 
measured,  rrine  conductivity  was  recorded  continuously  by  a  modification  of  the  method 
of  .\lbers  and  Brightman  (5).  .\  small,  constant  current  was  passed  between  the  two 
electrodes  in  the  bladder  catheter  and  the  voltage  drop  between  these  electrodes  was 
recorded  on  a  VVheeh-o  multipoint  ri'corder.*  'I'he  administration  of  .VDH  to  the  test 
animal  results  in  an  antidiuresis  which  is  reflected  by  an  incrc'ased  conductivity  of  the 
uriiK'  and  a  decreased  voltage  drop  between  the  electrodes.  'I'he  area  under  the  conduc¬ 
tivity  curve  was  taken  as  the  index  of  response*.  In  our  hands  this  has  jeroven  to  be  a  more 

*  .V  detaileel  description  of  the  apparatus  used  for  recording  the  conductivity  of  the 
urine  will  be  supplied  upon  n'epiest. 
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uniform  index  of  response  than  some  function  of  change  in  urine  volume.  The  stomach 
was  cathcterized  via  the  esophogus  with  polyethylene  (PE-90)  tubing.  During  the  assay 
the  levels  of  hydration  and  anesthesia  were  maintained  by  replacing  each  cc.  of  urine 
with  one  cc.  of  2%  ethanol  given  via  the  stomach  tube.  The  sensitivity  of  the  rat  was 
tested  by  the  initial  injection  of  80  /au.  of  standard  pitressin.  This  response  was  not  in¬ 
cluded  in  the  assay.  The  U.S.P.  posterior  pituitary  reference  standard,  with  a  potency  of 
2  u./ mg.  was  used  as  the  standard  in  the  bioassay.  A  2X2  factorial  design  was  used  to 
estimate  the  potency  of  the  unknown  solutions.  comiilete  assay  consisted  of  4  injections 
of  standard  and  4  injections  of  unknown,  each  at  2  dose  levels,  in  the  same  rat.  Because 
of  limitations  of  sample  size,  it  was  not  i)ossible  to  perform  complete  assays  on  many 
samj)les.  However,  no  assay  was  included  unless  it  was  based  on  at  least  2  injections  of 
standard  and  2  injections  of  unknown,  all  in  tlu'  same  rat.  The  log  dose  res|)onse  curve 
was  rectilinear  between  20  and  100  nv.  'riie  lambda  for  this  assay,  calculat(‘d  from  data 
obtained  in  13  dose-response  curves,  was  0.135.  For  each  dose-res])onse  curve,  standard 
vasopressin  was  injected  at  4  dose  levels.  Each  dose  level  was  given  in  duplicate,  and  the 
order  of  injection  was  randomiz(*d. 

Experimental  procedure.  Male  dogs  were  anesthetized  with  sodium  pentobarbital, 
30  mg.,  kg.  body  weight.  Mean  arterial  blood  pressure  was  recorded  with  a  mercury 
manometer  from  a  cannula  in  a  femoral  artery.  Samples  of  blood,  each  20  to  21  cc.  in 
volume,  were  collected  in  heparinized  syringes  from  a  cannula  directed  toward  the  head 
in  an  external  jugular  vein.  Fifteen  cc.  of  blood  were  used  for  analysis  of  ADH.  The 
remainder  of  the  blood  was  used  for  the  (*.stimation  of  the  hematocrit,  the  plasma  con¬ 
centrations  of  sodium  and  potassium  and  the  plasma  osmolality,  tmim'diately  i)rior  to 
taking  the  blood  sumph‘,  10  cc.  of  blood  wc're  withdrawn  to  “wash  out”  tin*  dead  space 
of  the  cannula  and  tin*  length  of  jugular  vein  leading  to  the  head.  This  blood  was  returned 
to  the  dog  via  a  cannula  in  a  femctral  vein.  'I'lie  lavage  procedure  was  begun  3  to  5  min¬ 
utes  after  taking  an  initial  blood  sample.  Tlu'  lavage  solution  had  an  electrolyte  composi¬ 
tion  similar  to  that  of  interstitial  fluid  (0)  and  was  made  hypertonic  with  glucose  (10%). 
The  lavage  solution  was  given  intraiXTitoneally,  50  cc.  kg.  body  weight,  over  3  to  4 
minutes  and  remained  in  the  jjeritom'al  cavity  for  the  duration  of  the  experiment.  Addi¬ 
tional  blood  sami)les  were  taken  20.  40  and  00  minutes  after  the  start  of  lavage.  In  a 
control  series  of  exiieriments  the  saim*  j)rocedure  was  followed,  except  that  the  concen¬ 
tration  of  glucose  in  the  lavage  solution  was  0.1%.  Hodium  and  potassium  analyses  were 
performed  by  internal  standard  flame  photometry  and  total  solute  concentrations  were 
estimated  with  a  Fiske  osmometer. 


RESULTS 

Recovery  of  ADH  from  dog  blood.  Tlie  re.siilts  of  recovery  experiments  in 
which  known  quantities  of  U.S.P.  posterior  pituitary  reference  standard 
were  added  to  dog  blood  are  summarized  in  Table  1.  Ib'coveries  averaged 
approximately  40%  and  were  independent  of  the  concentration  of  ADH 


Table  1.  Recovery  ok  .\1)H  from  10  cc.  volcmes  of  dog  blood 


Added  mr. 

No.  of  sainjjlcs 

%  rccov(‘ry 

0.5 

7 

41  .4+2.0* 

1 .0 

14 

42.7+2.2* 

2.0 

2 

41  .2,  .30.8 

*  Means  ±S.E. 
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over  the  range  .studied,  0.5  to  2  mu.  per  10  ec.  l)lood.  This  range*  was  se- 
lect(‘d  beeause  it  eoincided  with  the  amounts  of  ADII  usually  found  in 
blood  during  the  lavage  procedure.  Wein.stein  ct  al.  (8),  using  e.ssentially  the 
same  method  for  isolation,  but  using  the  pressor  assay,  n'ported  an  average* 
recovery  of  00%  when  50  to  400  mu.  of  ADII  were  aelded  to  100  cc.  volumes 
of  de)g  blood. 


Table  2.  Effect  of  peritoneal  lavaije  on  concentration  of  .\I)H  in  blood 

URAININO  FROM  THE  HEAD 


1>^ 

..  1.. 

Min.  after  start 

lava<{( 

• 

1 

20 

40 

90 

ADH* 

ftv/cc. 

3.9 

± 

.1. 

1.0  (9i 

10'  f  (iliicoKe  in  luvnt/e  soln. 

22.8  ±4.7  (9)  49.4  ±7.9 

(b.) 

92.3 

±11.0  (9) 

Hct  'c 

39.9 

+ 

0.9  (9J 

43.8  ±1.0  (9) 

47. .7  ±0.9 

(!>) 

.70.3 

± 

0.8  (9) 

M.\BP  mm. 
Hk 

149 

+ 

9  (9) 

149  ±4  (9) 

142  ±4 

(9) 

127 

+ 

.7  (9) 

PliLsma  Os. 
mOs.  kn 

299 

+ 

4  (3) 

312  ±4  (3) 

318  ±7 

(3) 

329 

+ 

4  (3) 

Plasma  Na 
ni.c!).  /  I. 

l.il 

+ 

2  (4) 

1.70  ±2  (4) 

1.72  ±2 

(4) 

1.71 

+ 

2  (4) 

Plasma  K 
m.<-f|.  /  I. 

3.98  ± 

0.11 (4 1 

3.40  ±0.12  (4) 

3.23  ±0  . 31: 

i(4) 

3..30± 

0.39  (4 

ADH* 

Ml  /ee. 

3.8 

+ 

It. 

1.9  (9) 

0.1'  (  filuro.'te  in  IdriKjr  .'<oln. 

3.2  ±1.4  (8)  3.2  ±0.9 

9.9 

± 

2.3  (7, 

Hct 

41  .1 

+ 

l.o  (8) 

41.9  ±1.7  (8) 

42.9  ±1.8 

(8) 

42.4 

+ 

1.8  (8) 

.MABP  mm. 
Hk. 

139 

±11  (8) 

143  ±7  (8) 

144  ±9 

(8) 

143 

± 

9  (8) 

Plasma  Os. 
m<  )s.  /niK. 

309 

± 

1  (4) 

308  ±1  (4) 

309  ±2 

(4) 

307 

± 

3  (4) 

Plasma  Na 
m.cfp  /  I. 

149 

± 

1  (4) 

147  ±1  (4) 

14,7  ±1 

(4) 

148 

± 

1  (4) 

Plasma  K 
IB.d).  /  I. 

3.7 

1  ± 

0.17 (4) 

3.93±0.17  (4) 

3.9t)±0.19  (4) 

3.9- 

7  ± 

0. 1.7  (4) 

e  )s.  =o.'!molality ;  Hct  =  hematocrit ;  M.\BP  =  mcan  arterial  blood  pressure. 
Means +S.E.:  number  in  parentheses  =  number  of  experiments. 

*  Not  corrected  for  '  [  recovery. 


Reduction  of  extracellular  fluid  volume  by  peritoneal  lavage.  Extracellular 
fluiel  volume  was  re*duce*d  by  peritont*al  lavage  with  a  .solution  which  had  an 
electrolyte  composition  similar  to  interstitial  fluid  (0)  and  which  was  made 
hyp(*rtonic  by  the  addition  of  glucose  (final  gluco.se  concentration  was 
10%).  This  procedure  resulted  in  a  six-fold  increa.se  in  the  conc(*ntration  of 
ADII  in  jugular  vein  blood  within  20  minutes  after  the  start  of  lavage 
(Table  2  A).  An  approximation  of  the  changt*  in  extracellular  fluid  volume 
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\va>s  obtained  from  the  change  in  hematocrit,®  assuming  that  there  were  no 
cliang('s  in  tlie  volume  or  numlx'r  of  the  red  blood  cells  and  that  the  per¬ 
centage*  change  in  plasma  volume  eejualled  the  percentage  change  in  extra¬ 
cellular  fluid  volume*.  On  this  basis,  the*  e*xtrae*e*llular  fluiel  volume  was 
re*eluce'el  by  15%  20  minute*s  after  the*  start  of  lavage*.  During  the*  ne*xt  40 
minute*s  e)f  lavage,  the  concentration  of  ADH  in  jugular  vein  bloeeel  progre*s- 
sively  incre*ase'el  as  the  e*xtra cellular  fliuel  vedume  ele*cre*ase*el.  The*  me*an 
arterial  bloeeel  pivssure*  re*maine*el  re*lative*ly  constant  until  ne*ar  the*  enel  of 
the*  experiment.  Sixty  minute*s  after  the  start  of  lavage*  it  hael  elroppe*el 
about  11%  from  the  value*  e)l)taine*el  at  40  minute*s.  The*  lavage*  pre)ce*elure* 
was  without  e*tfe*ct  een  the*  plasma  cone*e*ntration  of  se)elium.  The  plasma 
ce)nce*nt ration  of  jKdassium  dre)ppe*el  slightly  eluring  the*  lavage*  pre)e*e*elure* 
but  the*se*  e*hange's  we*re*  ne)t  statistically  signiHe*ant.  In  e*ach  eef  the*  d  e*xpe*ri- 
me*nts  in  which  m(*asure*me*nts  we*re*  made*,  the*  plasma  e)sme)lality  ine*re*as(*d 
eluring  lavage*,  appare*ntly  as  the*  re*sult  e)f  the  influx  e)f  gluce)se*  from  the* 
lavage*  solutieen.  The*  ave*rage*  ine*re*ase*  in  plasma  e)sme)lality  after  20  minutes 
e)f  lavage*  was  4%.  In  a  contreel  se*rie*s  e)f  e*xpe*rime*nts  in  which  an  isotonic 
lavage*  solution  was  use*el  (the*  ghice)se*  e*one*e*ntratie)n  was  0.1%)),  there*  were* 
no  significant  e*ffe*cts  on  the*  concentration  e)f  ADH  in  jugular  vein  bloe)el  nor 
on  any  e)f  the*  othe*r  parame*te*rs  me'asure*el  (Table*  2  B). 

Eh’Vdtion  of  plasma  osniqlality  by  the  infusion  of  hypertonic  ylueose  solu¬ 
tion.  At  this  point  it  was  not  certain  whe*the*r  the*  incre*ase*el  concentration  e)f 
ADH  in  jugular  vein  bloeeel  was  the*  re*sult  ed  a  re*eluctie)n  in  extracellular 
fluiel  vedume*  or  the*  e*le*vation  e)f  the  plasma  osmolality.  Ce)nse*e|uently, 
allot  he*r  .se*rie's  eif  e*xpe*riments  was  pe*rformeel  in  which  an  atte*mpt  was  maele* 
to  incre*a.se*  only  the  eisinolality  eif  the*  plasma  by  the  infusion  of  a  conce*n- 
trate*el  glucose*  sedution.  A  sedution  which  e*ontaine*el  gluceise*  at  a  concentra¬ 
tion  of  d0%,  anel  which  hael  the*  same  edectrolyte*  composition  as  the*  lavage* 
.solution  was  infuse*el  intrave*ne)usly  at  a  rate*  which  varie*el  be*twe*e*n  2.0  anel 
2.0  ce*.  min.  Bleioel  sample*s  we*re  taken  from  the  cannulate*el,  e*ephalael  enel 
e)f  an  e*xte*rnal  jugular  ve*in  just  prieir  te’  anel  at  20  minute's  anel  40  minute's 
after  the*  start  of  the*  infiisiem.  The  elata  from  the'.se  experiments  are*  siiinma- 
rize*d  in  Table*  d.  Twe*nty  minute's  afte*r  the  start  eif  the  infusion,  the*  plasma 
osmeilality  was  e*le*vate*el  to  a  leve*l  comparable  to  that  femnel  20  minute's 
afte*r  the*  start  eif  lavage*  in  the  “lavage”  e'xpe*rime*nts.  The*re*  was,  however, 
no  incre*ase*  in  the*  conce'iitration  of  ADH  in  jugular  ve*in  blood.  There  was 
an  incre*a.se*  in  the*  bloeiel  le*vel  of  ADH  40  minute's  afte*r  the*  .start  of  the  in- 

Tli(“  i)(*rc(‘ntaK<“  chaiiKo  in  plasma  volunip  was  calciilateel  as  follows:  le*t  hcti  =  the 
initial  hematocrit  and  Xi  =  the'  initial  plasma  volume;  the  subscript  2  will  denote  these 
same  functions  at  a  later  time. 
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fusion,  coincident  with  a  further  rise  in  the  plasma  osmolality.  The  magni¬ 
tude  of  this  increase  in  the  blood  level  of  ADH  was  less  than  that  found  in 
the  lavage  experiments.  These  infusion  experiments  were  unfortunately 
complicated  by  a  fall  in  the  hematocrit.  This  indicates  that  there  was  an 
increase  in  the  vascular  volume  and  probably  also  an  increase  in  interstitial 
fluid  volume,  due  to  a  movement  of  water  out  of  cells  as  a  result  of  the 
increased  osmotic  pressure  of  the  extracellular  fluid. 

Since  in  these  “infusion”  experiments  an  increase  in  the  osmotic  pressure 
of  the  plama  comparal)le  to  that  observed  20  minutes  after  the  start  of 
lavage  in  the  “lavag(‘”  experiments  was  without  effect  on  the  blood  lev’el  of 
.\Dn,  it  would  app(‘ar  that  the  increase  in  the  blood  level  of  ADH  found  20 


Table  3.  Effect  of  elevation  of  plasma  osmolality  by  the  infi  sion  of  hypertonic 
GLICOSE  son  TION  ON  CONCENTRATION  OF  ADH  IN  BLOOD  DRAININC.  FROM  THE  HEAD 


Pre-infusion 

Min.  after 

20 

•  start 

40 

_  - 

.\DH*  fiL  /ec. 

4.3  ±1.4  (5) 

2.7  ±1.6  (5) 

11.1  ±2.8 

(4) 

Hct 

42.9  ±1.9  (5) 

37.7  ±1.5  (5) 

37.4  ±2.2 

(5) 

.MABP  mm.  Hg 

138  ±2.8  (5) 

149  ±4.5  (4) 

144  ±5.6 

(5) 

Plasma  Os.  mOs./kg. 

301  ±1  (5) 

314  ±2  (5) 

321  ±4 

(5) 

Plasma  Na  m.eq./l. 

140  ±2  (4) 

137  ±3  (4) 

139  ±3 

(4) 

Plasma  K  m.pq./l. 

3.50  ±0.15  (4) 

3.33±0.28  (4) 

2.97±0.11  (4) 

Means  ±S.E.;  minilier  in  parentheses  =  numlier  of  experiments. 

See  Tai)le  2  for  ablireviations. 

*  Xot  corrected  for  C'  recovery. 

minut(‘s  after  the  start  of  lavagt'  was  the  result  primarily  of  the  reduction  in 
extracellular  fluid  volume.  It  could  be  argued  that  an  increase  in  the  con¬ 
centration  of  ADH  in  jugular  vein  blood  was  not  obtained  in  the  “infusion” 
exp(‘riments  becaust*  the  effect  of  the  elevated  plasma  osmolality  was 
blocked  by  the  increast'd  extracellular  fluid  volume.  However,  such  an 
argument  itself  implies  that  the  release  of  ADH  is  influenced  by  changes  in 
extracellular  fluid  volume,  h'urthermore,  Verney  (7)  found  that  glucose  was 
less  effective  than  equiosmolar  quantities  of  .sodium  .salts  or  sucrose  in 
inhibiting  a  water  diuresis  in  dogs. 

During  the  course  of  the  infusion  of  the  hypertonic  glucose  a  progressive 
fall  in  the  plasma  concentration  of  potassium  was  ob.served,  although  the 
plasma  concentration  of  sodium  remained  constant.  This  phenomenon  has 
been  observed  previously  (8). 

DISCUSSION 

The  evidence  in  support  of  the  concept  that  ADH  release  is  influenced  by 
changes  in  extracellular  fluid  volume  has  been  largely  derived  from  experi¬ 
ments  in  which  the  blood  titer  of  ADH  was  not  assayed.  There  have  been 
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only  a  few  attempts  to  determine  the  effect  of  changes  in  extracellular  fluid 
volume  on  the  blood  level  of  ADH.  Leaf  and  Mamby  (9)  studied  the  effect 
of  the  administration  of  o%  glucose  into  the  p(‘ritoneal  cavity  of  dogs.  This 
proc(*dur(‘  d(‘plet(‘d  the  (‘xtracellular  fluid  of  electrolyte  and,  presumably, 
also  reduced  the  extracellular  fluid  volume,  although  no  data  are  given  for 
this  latter  parameter.  These  authors  reported  an  impaired  ability  to  ex¬ 
crete  a  water  load  and  an  incrc'a.sed  concentration  of  antidiuretic  material 
in  the  plasma.  (Jinsburg  (10)  and  Weinstein,  Berne  and  Sachs  (;i)  found 
that  hemorrhage  resulted  in  an  increased  release  of  ADH,  but  these  experi¬ 
ments  wer(‘  complicated  by  changes  in  blood  pressure.  On  tlie  otlu'r  hand, 
Baratz  and  Ingraham  (11)  were  unable  to  detect  a  change  in  the  concen¬ 
tration  of  ADH  in  plasma  when  the  vascular  volume  was  expanded  25% 
by  infusing  intravenously  0%  dextran  in  isotonic  saline  solution. 

With  the  exception  of  the  work  of  Wcunstein,  B('rne  and  Sachs  (3)  the 
methods  used  in  these  exp(‘riments  for  the  measurement  of  ADH  in  plasma 
are  open  to  criticism.  First,  the  antidiuretic  assay  is  not  specific  for  ADH. 
Urine  volume  can  be  greatly  altered  by  changes  in  glomerular  filtration  rate 
or  solute  excretion.  Furthermore,  Bi'rliner  and  Davidson  (12)  have  shown 
that  dogs  with  diabetes  insipidus  excrete  a  hypertonic  urine  when  the 
glomerular  filtration  rate  is  reduc(‘d.  Consequently,  tlie  administration  of 
whole  plasma  to  the  as.say  animal  as  was  done  in  the  work  of  Leaf  and 
Mamby  (9),  (linsburg  (10)  and  Baratz  and  Ingraham  (11)  may  give  mis¬ 
leading  results,  since  plasma  may  contain  substances  other  than  ADH 
which  will  inhibit  a  water  diuresis  and  induce  the  formation  of  a  concen¬ 
trated  urine.  Thus,  Heller  (15)  has  report ('d  that  plasma  from  animals 
subjected  to  ether  aiu'sthesia,  when  injected  into  hydrated,  ethanol-anes¬ 
thetized  rats,  results  in  an  antidiuresis  and  a  reduction  in-creatinine  excre¬ 
tion.  Hell(‘r  consid(*r(‘d  tlie  (h'crc'asi'd  excnTion  of  cn'atinine  to  indicati'  a 
ri'duction  in  glomerular  filtration  rat(‘,  and  he  suggested  that  the*  reduction 
in  gloiiK'rular  filtration  rate  contributed  to  the  antidiuri'sis.  Si'cond,  when 
plasma  is  assayi'd  din'ctly,  tin*  siuisitivity  of  the  bioassay  is  limiti'd  by  the 
amount  of  plasma  which  can  be  inject (‘d  into  the  assay  animal,  usually  the 
rat.  Third,  the  bioassay  used  by  Leaf  and  Mamby  (9)  is  open  to  question 
sinc(‘  the  test  substance's  were  administered  intraperitoneally.  This  proce¬ 
dure  has  been  shown  by  Ames  and  van  Dyke  (14)  to  give  abi'irant  results. 
These  problems  have  b(‘en  largi'ly  circumvented  in  the  prese'iit  experi¬ 
ments.  The  chemical  method  devised  by  Sachs  and  his  associates  (5,  4)  for 
the  extraction  and  purification  of  ADH  in  blood  confers  considerable  spi'ci- 
ficity  upon  the  bioassay  proci'dure.  This  method  also  greatly  increases  the 
sensitivity  of  the  bioassay  by  making  it  possible  to  concentrate  into  a  small 
volume  the  ADH  contained  in  a  given  volume  of  blood.  An  additional  test 
of  this  procedure  was  made.  The  antidiuretic  material  obtained  in  one  of 
the  “lavage”  experiments  was  inactivated  by  treatment  with  trypsin, 
which  has  been  shown  to  inactivate  ADH,  but  not  oxytocin  (15). 

In  the  present  experiments  direct  confirmation  has  been  provided  for  the 
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concept  tlmt  changes  in  extracellular  fluid  volume  influence  the  release  of 
ADII  from  the  neurohypophyseal  system.  Reduction  of  the  extracellular 
fluid  vohuiK'  resulted  in  a  marked  incr(‘ase  in  the  concentration  of  ADII  in 
the  hlood  draining  from  the  lu'ad  before  then*  was  any  detectable  change  in 
syst(*mic  mean  arterial  blood  i)ressur(‘.  These*  (*xp(*rim(*nts  were*  complicate*d 
to  some  extent  by  a  rise*  in  the*  osmotic  pre*ssure*  e)f  the  plasma,  elue  to  the  in¬ 
flux  of  glucose*  from  the*  lavage*  fluiel,  concomitant  with  the*  rise*  in  the  ble)e)el 
titer  e)f  ADII.  However,  it  was  shown  in  a  separate*  se*rie*s  e)f  e*xpe*rime*nts 
that  a  comparable*  elevation  e)f  the  plasma  osmolality  by  the*  infusion  e)f 
glucose  was  without  e*tt‘e*ct  on  the*  cone*e*ntration  e)f  .VDII  in  jugular  vein 
bloe)el.  We*  have*  e*e)nsiele*re*d  the*  incre*ase*el  e*once*ntratie)n  e)f  ADII  in  jugular- 
ve*in  ble)e)d  te)  re*fl(*ct  an  ine*re*ase*d  re‘le*ase*  e)f  ADII  by  the*  ne*ure)hype)physe*al 
syste*m.  IIe)we*ve*r,  an  incre*ase*el  cone*e*ntratie)n  e)f  .\DII  we)uld  also  be*  e)b- 
s(*rve*d  in  bloexl  elraining  fre)m  the*  he*ael  unde*!-  cire*umstane*e*s  in  which  the* 
rate*  of  secre'lion  e)f  ADII  re*mains  ce)nstant  but  the*  e*e*re*bral  ble)e)el  flow  falls. 
A  six-fe)lel  incre*ase*  in  the*  ce)nce*ntratie)n  e)f  ADII  in  jugular  ve*in  ble)e)el  was 
e)bse*rve*el  20  minute*s  afte*r  the  start  e)f  pe*ritone*al  lavage,  when  the*  e*xtra- 
e*e*llular  fluiel  veflume*  was  re“eluce*el  by  renighly  lo%  anel  the*  me*an  arterial 
bloe)el  pre*ssure*  was  unchange*el.  It  would  appe*ar  to  be*  highly  unlike*ly  that 
uneler  the*se*  conelitions  the*  e*e*re*bral  blooel  flow  was  re*elue*e*el  to  one*-sixth  of 
its  pre*-lavage  value*.  On  the  basis  of  the*se*  varienis  consielerations  it  is  con- 
cluele*ei  that  a  re*eluction  in  e*xtrace*llular  fluiel  veflume,  inele*pe*nele*nt  e)f 
change*s  in  systemic  me*an  arte*rial  blooel  pre*ssure*  anel  plasma  e)sme)tie*  pre*s- 
sure*,  re'sults  in  an  incre*ase*el  re*le*ase  of  ADII. 

The*  use  of  change*s  in  he*mate)e*rit  to  e*stimate*  change*s  in  e*xtrace*llular 
fluiel  veflume*  was  base*el  on  thre*e*  assumptions,  i.c.,  that  there*  were*  no 
change*s  in  the  number  or  veflume*  of  the*  reel  bloe)el  cells  anel  that  changes  in 
plasma  volume  were*  ace*ompanie*el  by  proportional  change*s  in  extracellular 
fluiel  volume.  The  first  assumption  is  probably  valiel  in  view  of  the  short 
eluration  e>f  the*  e*xpe*rime*nts  anel  the  small  volume  of  the*  bloexl  sample*s. 
The*  se*ce)nel  assumption  is  not  completely  valiel,  be*e*ause*  the  incre*aseel 
e)smotie*  pivssure  e)f  the  plasma  eluring  lavage*  woulel  probably  have*  re*sulte*el 
in  a  re*eluction  in  the*  volume  e)f  the*  re*el  bloexl  cells.  Thus  the*  change*  in 
he*matoe*rit  woulel  tend  to  unelere*stimate  the  re*eluction  in  plasma  volume* 
anel  extracellular  fluiel  veflume*.  IIe)weve*r,  the*  error  elue*  to  this  factor  is  epiite 
small  20  minute*s  after  the*  start  e)f  lavage*,  since  the*  osmolality  e)f  the* 
plasma  was  e*le*vate*el  only  4%  at  this  time.  The  thirel  assumption  is  appar¬ 
ently  valiel.  Klkinton  el  al.  (10)  have  shown  that  in  acute*  water  elepletion 
plasma  volume*  eliminishe*el  in  proportion  to  the  fall  in  e*xtrace*llular  fluid 
volume.  In  oreler  to  obtain  a  further  check  on  the  effectiveness  of  the  peri¬ 
toneal  lavage,  the  lavage  fluid  was  draine*d  from  the  peritoneal  cavity  at  the 
cemclusion  e)f  e*ach  e*xperime*nt,  00  minutes  after  the  start  of  lavage.  In  the 
e*ontre)l  expe*riments  with  isotonic  lavage  fluiel,  an  average*  of  SO.4%  of  the 
administereel  fluiel  was  recove*re'eI.  This  figure  was  useel  to  correct  the  vol- 
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umo  of  fluid  rocovorod  in  tlu*  hypertonic  lavage  expc'riments.  On  this  basis, 
an  average  of  744  cc.  of  fluid  were  recovered  in  excess  of  the  amount  origi¬ 
nally  placed  in  the  peritoneal  cavity  in  the  hypertonic  lavag('  expc'riinents. 
The  reduction  in  extracellular  fluid  volume  calculated  from  the  change  in 
hematocrit  and  the  assumption  that  the  extracellular  fluid  volume  is  ecpiiv- 
alent  to  20%  of  the  body  weight  (an  average  of  15. 5  kg.)  was  lOOO  cc.  The 
reason  for  this  discrepancy  is  not  apparent,  but  it  would  appear  that  the 
change  in  hematocrit  as  we  have  used  it  overestimates  the  change  in  extra¬ 
cellular  fluid  volume.  However,  the  important  point  is  that  20  minutes  after 
the  start  of  hypertonic  lavage,  the  time  when  the  biggest  increase  in  th(' 
blood  tit(M‘  of  ADH  was  observed,  then*  was  a  small  reduction  in  extrac(41u- 
lar  fluid  volume.  A  n'asonabh*  estimate  of  this  reduction  is  15%,  calculat(‘d 
from  the  change  in  hematocrit,  although  the  actual  value  probably  li(‘s 
between  10  and  20%. 
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KFFK(T  OF  RESERPIXE  AND  (’ATEC'HOLAMIXES 
OX  JUXTAGLOMERULAR  CELLS  IX  RATS  FED 
XORMAL  AXD  LOW  SODIUM  DIETS‘ 

F.  W.  DUXIHUE,  MAirnX  HL0()MFI1-:LI) 

AM)  W.  VAX  B.  HOBFHTSOX 

Aiintonti/,  Bioi  lif  mifttri)  and  the  Dirision  of  Experinu  nlal  Medicine  rniverxitu  of 
Vermont  College  of  Medicine,  Burlington,  Vermont 

AHSTUACT 

Au};m(‘ntatioii  of  the  finiiuilar  cell  index  in  tlie  rat  juxtafiloinenilar  appa¬ 
ratus  by  eitlier  sliort  or  proloufjed  dietar}'  salt  restriction  was  ])revented  by 
oiu'  injection  of  res<-rpin(“  or  l)y  four  inj(‘etions  of  nort'pineplirint'  admin¬ 
istered  at  tlie  onset  of  salt  restriction. 

Four  subcutaneous  injections  of  norepinephrine  reduced  low  salt  elevated  GC'l 
when  sivcMi  after  twimty-nine  days  of  low  salt  intake  but  failed  to  reduce  the 
elevated  granular  cell  index  of  adrenalectoinize<l,  cortisone  or  salt  supjjorted 
rats. 

These  results  are  consistent  with  the  hypothesis  that  the  granularity  of 
juxtaglonnaular  cells  is  invcT.scdy  related  to  the  inineralo-corticoid  level. 

DUXIHUI*'.  and  Bolxulson  (1)  and  Wiixlman,  DuniluK' and  Robort.son 
(2),  liav(‘  .shown  that  tlu*  iiu*id('n(*(*  of  granular  colls  in  tlu*  juxta- 
glonu'rular  apparatus  (JGA),  (*xpr(‘.sscd  as  tlx*  granular  coll  index  (GCI),  is 
invc'r.soly  rc'lati'd  to  tlx*  iniix'ralo-corticoid  h'vol  (MC)  hut  that  nxluction  of 
(K'l  by  a  typical  iniix'ralo-corticoid,  dcsoxycorticostcroix*,  occurs  only 
wlx'U  .sodium  intake'  is  adcepiatc.  Tlx*  Hartrofts  (J)  first  reported  and  w(' 
confirmed  (2)  an  appan'iit  deviation  from  this  inverse*  relationship  of  GCI 
to  MC'  lev(*l  in  m)rmal  rats  f(*d  low  .salt  diet.  In  these  animals  the  GCI  was 
incr(*a.s(*d  despite*  high  e*nde)ge*nous  MC.  We*  sugge*stt*el  that  this  apparent 
e*xe*e*ptie)n  ceeulel  be*  e*xplaine*el  by  the  assumption  that  low  .salt  stre*.ss  cause'd 
an  e*arly,  transie*nt  re*eluction  of  steroiel  e)utput  eluring  which  GCI  rose*. 
Once*  e*le*vate*el  the  inele*x  e-oulel  not  be  re*eluce*el  by  the  subseepiemtly  high 
e*neloge*nous  MC'  be*cau.se*  of  inade'epiate  se)elium  intake.  Support  for  this 
a.ssumption  was  e)ffe*re*el  by  our  fineling  (2)  that  daily  suppleme'iits  e)f  exog¬ 
enous  MC',  give*n  in  elecre*asing  ame)unts  eluring  only  the  first  half  of  a  low 
salt  re'gime,  pre*ve*nte*el  incre*ase  of  GCI. 

The  ob.servations  of  Knigge  c/  a\.  (4)  that  reserpine  blocks  the  early, 
tempoiary  re*eluction  of  ste*roiel  output  in  Ix'at  stresse*el  rats  sugge'st  to  us 

Received  February  9,  1991. 

'  This  invt'stigatiuu  has  been  made  with  the  assistance  of  grants  from  the  C'ommitte*e 
on  Resean  h.  C'ouneil  of  Pharmacy  and  Chemistry,  American  Medical  Association  and 
the  National  Science  Foundation  ((J6145). 


Xovember,  1961  RESERIMXE  CATECHOLAMINE  AND  JC.A 


935 


that  tlii.s  drug  might  also  block  the  transient  dc'crease  of  corticoids  in  low 
salt  stressed  rats,  thereby  preventing  an  increase  in  (ICI.  Since  reserpine 
caus(\s  release  of  epinephriiu*  and  norepin(*phrin<‘,  we  have*  investigated  the 
action  of  these  catecholamiiu's  as  well  as  resc'ipine  on  the  (ICI  ('h'vating 
etlect  of  low  salt  intaki'. 


MATERIAL  AM)  METHODS 

Wistar  strain,  male  rats  wcifiliiiifi  200  fjin.,  were  f(‘(l  pelleted,  low  sodium  diet  eoii- 
taiiiinn  77%  i)owdered  food  similar  to  whole  milk  (Loiialae,  Meade  .lolmson  Co.  ),  12% 
sucrose',  7.8%  finely  }>;round  e(‘lhdose  (.\li)hacel,  Nutritional  Rioelu'inieal  Co.),  2% 
vitamin  diet  fortification  mixture  (NRC),  and  1.2%  of  a  mixtun'  of  known  e.ssential 
minerals  exee])t  sodium.  I'his  diet  contained  less  than  0.02%  sodium;  a  diet  with  normal 
sodium  eonte'iit  was  sc'cured  hy  adding  0.7%  NaCl  to  th(>  above  mixture*  anel  re'elue  iuf; 
.\lphae-el  by  the*  same  amemnt. 

Ite'se'rpine',  2.5  m};./ml.  in  5%  eh'xtreese-  was  injeete-el  sube  iitane'emsly  at  a  eletsage-  level 
e»f  50  p}i  100  f^m.  e)f  betelv  we-i}j:ht.  Netre‘i)ine‘phrine  in  5%  ele-xtre»se‘  iinel  e-pine“i)hrine  in 
0.9%  saline,  200 ml.,  we-re*  injee-teal  sube-utane'ouslv  at  the'  h've'l  eef  ,80  juff/lOO  f!;m.  eef 
beielv  weight.  P’ive  percent  eh'xtreese*  in  e-epiivalent  veelunu's  was  use'el  feu-  eeentred  injeetieens. 

Aelre'naleeteemies,  in  e'xpe'rime'iit  4,  we'ie*  pe'ifeu-me'el  in  eene  staf>;e'.  (JCl  we'ie*  elete'rmine'el 
een  Zenker-lormetl  fi.xe'el,  Masseen  staiiu'el  se'etieuis  by  eeeuntins  all  jfleeme'iuli  in  eene*  eu- 
meere  se'e-tieens  eef  e'ae  h  kielne'v  anel  re'e-eueliii};:  the*  numbe'r  e)f  time's  firanular  e-e'lls,  siiiffly  etr 
in  ffreiups,  we'ie'  e'lie-eiunte're'd  ])e'r  100  uleune'ruli. 

Kxpt  rittK  iitdl  Dvngn 

Twe)  expe'iime'nts  we'ie  ile'sif!;ne'el  tei  eh'te'rmine'  the*  ('ffe'e-t  ein  (iCl  eif  resi'r])ine'  anel 
e-ateeheilamines  aelministere'el  eluriiif!;  the  e'arly  stages  e»f  leiw  salt  stress  when  we  assume' 
aelre'ual  stereiiel  emtpiit  may  te'inpeu-arily  eh'cre'ase'. 

Expe'riment  1.  Thirty  rats  we'ie*  fe'el  the  neirmal  anel  aimther  30  the*  le»w  salt  eliet  feu-  4  elays. 
Oiu'-thirel  eif  the  rats  em  e'aeh  elie'tary  re'gime  we're*  inje'e-te-el  with  a  single*  eleise*  e»f  re'serpine* 
24  hemrs  afte*r  be'ing  plae-e'el  e>n  the'  eliet;  aneitlu'r  euu'-thirel  re'i'e*ive'el  4  inje'e-tiems  eif  nore'pi- 
ne'iihrine  be'tween  the  22nel  anel  42nel  hemrs  afte'r  the*  beginning  e»f  the*  elii'tary  iM'iieiel;  anel 
eme'-thirel  were  injeeteel  with  an  eepiivah'iit  veilume  eif  elextreise*  on  the*  same  selu'elule  use'el 
feu-  nem'iiinephrine'. 

Experiment  2.  The  plan  feir  this  expe'rime'nt  was  ielentieal  tei  that  eif  Experiment  1  exe-ept 
that  the  elitary  pe-rieiel  was  exteneli'el  te»  29  elays  anel  a  femrth  greuip  e»f  10  rats  was  aelele-el 
to  each  elie'tary  regime.  Tlu'se  aelelitiemal  gremps  were  inj('ete*el  with  eiiinephrine*  em  the 
same  seheelule  useel  for  nore'pine'iihrine. 

Another  experiment  was  elesigne'el  tei  ele'te'i  mine  the  effect  of  rese'rpine*  anel  eate'cheda- 
mines  on  (ICI  elevate*el  by  ajipreiximate'ly  erne*  memth  eif  low  salt  stre'ss  anel  at  a  time  when 
aelrenal  minereie-eirtic-oiel  emtput  is  kimwn  tei  be*  inere*ase'el  (,5). 

Exiieriment  3.  Twe'iity-one  rats  were  fed  the  leiw  salt  elie't.  Afte-r  29  elays  on  this  regime*, 
11  rats  were  given  4  injections  eif  neire'iiinephrine  over  a  20-hemr  ))erie)el  anel  10  receive'el 
dextreise  injeetiems  on  the  same  selmelule.  The  rats  were*  kilh'el  4  hemrs  afte'r  the  last  in¬ 
jection. 

.V  fourth  experiment  was  elesigiu'el  to  ascertain  the  elTei-t  of  norepinephrine  on  (ICI 
elevate'el  by  MC  elefieieney. 

Experiment  4.  Feirty  rats  were  aelrenaleeteemizeel,  plaee'el  on  normal  eliet  anel  elivieh'el  intei 
two  equal  groups.  One  group  was  supported  by  the  aelelitieui  eif  1%,  Na(’l  to  the  elrinking 
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Table  1.  Bi.ik  kixcj  effect  of  reserpine  axd  catecholamixes  ox  elevation  of 

<iRAXl  LAR  CELL  INDEX  BY  LOW  XaCl  INTAKE 

Dietary  period 

Experiment  1,  4  days  Experiment  2,  2t)  days 


Treatment 

XaCl  Intake 

XaCl  Intake 

Normal 

Low 

Normal 

Low 

GCI  ±S.E. 

GCI  +S.E. 

GCI  ±S.E. 

GCI  ±S.E. 

1  text  rose 
Reserpine 
Xorepinephrine 
Epinephrine 

11 .3±1  (10) 

10.1  ±1  .2  (10) 
10.4  ±  1  .3  (  9) 

1().9±1  .2*  (10) 

12.3  ±1  (  9) 

12.4  +  1.1  (10) 

12  ±1  .5  (  9) 

12.2  +  1  .3  (10) 
11  .7±1  .1  (10) 
13. 1  ±2  (  (5) 

17.5±1*  (10) 
15.()±1  .4  (  8) 
1().7±1  (10) 

14.9  +  1.8  (10) 

*  Sinnifieant  elevation  of  (i('l  P<0.()5. 

Niimlier  of  surviving  animals  in  each  groiij)  is  given  in  parentheses. 

water,  the  other  by  daily  injections  of  0.5  ing.  of  cortisone.  Twenty-nine  days  after 
adrenalectomy,  half  of  the  animals  in  I'ach  group  were  given  4  injections  of  norepinephrine 
over  a  jx'riod  of  20  hours;  the  others  received  corresponding  injections  of  dextrose.  Vll 
rats  were  killed  4  hours  after  the  last  injection. 

RESULTS 

A.s  !?hown  in  Table  1,  reserpine  and  norepinephrine  blocked  or  prevented 
augmentation  of  (JCI  induced  by  feeding  a  low  salt  diet  for  4  days.  In  a 
long(‘r  ])(‘riod  of  low  salt  str(‘s.s,  norepinephrine  blocked  completely  the 
(‘levation  of  (ICI,  while  reserpine  and  epinephrine  showed  effects  intermedi¬ 
ate  between  that  of  dextrose  (no  blocking)  and  norepinephrine  (complete 
blocking).  In  the  dosages  used,  neither  reserpine  nor  the  catecholamines 
affected  the  (ICI  of  rats  fed  normal  sodium  diets. 

The  data  in  Table  2  show  that  norepinephrine,  injected  after  29  days  of  a 
low  salt  regime,  reduced  the  elevated  GCI  produced  by  this  period  of  low 
salt  intake,  even  though  no  additional  sodium  was  given.  Xorepinephrine, 


Table  2.  P5ffe<’t  of  xorei>ixei>hrixe  ox  graxli.ar  cell  ixde.x  elevated  by  low 

SALT  INTAKE  .AND  BY  .MI.XERALO-CORTICOID  DEFICIENCY 


Treatment 

Experimental  group 

Dextro.se 

Norepinephrine 

GCI  +S.E. 

GCI  ±S.E. 

29  days 

3.  Low  Salt  Intake 

17.5  +  1  (10) 

11.3  +  1.3*  (11) 

29  Days 

4.  Adrenx  Salt  Support 

20.2+2.4  (10) 

22.1+1.3  (10) 

29  Days 

4.  .-Vdreiix  Cortisone  Support 

19.5±1  .8(10) 

18.4  +  1.4  (  7) 

*  Significant  reduction  of  CJCI  P<0.05. 

Number  of  surviving  animals  in  each  group  is  given  in  parentheses. 
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liowevor,  failed  to  reduce  GCI  elevated  by  29  days  of  MC  defici(‘ncy  in 
either  salt  or  cortisone  supported,  adrenalectomized  rats. 

DISCUSSION 

The  results  show  unequivocally  that  norepinephrine  and  to  a  le.sser 
extent  reserpine  and  epinephrine  prevent  GCI  augmentation  by  low  salt 
intake.  To  this  extent  the  data  support  the  suggestion  that  reserpine,  or 
products  released  by  it,  might  block  elevation  of  the  GCI  by  preventing  a 
tran.sient  decrease  of  corticoids  in  the  early  stages  of  low  salt  stress.  Whih* 
there  is  no  direct  evidence  that  reserpine  and  catecholamines  prevent  an 
increased  GCI  in  low  salt  stressed  rats  by  maintaining  MC  secretion,  these 
compounds  are  known  to  stimulate  adrenal  secretion  ((>,  7).  Further, 
reserpine  has  been  shown  to  prevent  a  temporary  decrease  of  steroid  output 
in  heat  .stressed  rats  (4). 

The  ability  of  norepinephrine  to  reduce  low  .salt  elevati'd  GCI  in  non- 
adrenalectomized  rats  (high  MC)  in  contra.st  with  its  inability  to  lower  the 
elev’ated  GCI  in  adrenalectomized  rats  (MC  deficient),  even  in  the  pre.sence 
of  added  .salt  or  glucocorticoids,  reempha.sizes  the  e.s.sential  role  of  mineralo- 
corticoids  in  GCI  regulation. 

Since  the  results  show  that  tion'pinephriiu'  can  ri'diici*  low  salt  ('levated 
GCI,  an  ad(*{iuate  sodium  intake  is  not,  as  pr(*viously  thought  (2,  R),  a 
prereipiisite  for  lowering  of  the  GCI.  This  do(‘s  not,  howi'V’er,  pri'clude  a 
role  for  sodium  in  (JCI  n'duction,  for,  as  Friialman  has  suggesti'd  (S),  tlu* 
extra-intracellular  sodium  gradient  (9)  of  the  JG.A  ci'lls  may  be  mori'  im¬ 
portant  than  sodium  intake  per  se.  This  gradient  is  probably  higher  than 
normal  in  low  .salt  fed  rats  in  view  of  the  decrea.sed  intracellular  smooth 
muscle  sodium  in  such  animals  (10).  Norepinephrine  conceivably  could 
ri'duce  this  gradient,  since  it  is  known  to  cause  a  lo.ss  of  pota.s.sium  and  a 
gain  in  smooth  muscle  .sodium  (10,  11,  12).  Ther(*fore,  as  a  speculation,  w(‘ 
suggest  that  norepinephrine  reduces  low  salt  elevatial  GCI  by  shifting  the 
extra-intracellular  sodium  gradient  of  the  .IGA  cells  towards  normal, 
thereby  permitting  the  high  MC  level  pn'vailing  during  salt  ri'striction  to 
reduce  the  GCI.  It  appears,  however,  that  this  gradiimt  could  play  only  a 
permissive  role  in  GCI  reduction,  since  non'pinephriiu*  is  unable  to  d(‘- 
crease  the  GCI  in  the  ab.sence  of  mineralo-corticoids  (l'Np(*rim(*nt  4). 
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1-:FI  IXTS  OF  THYROTROPIN  ON  THYROIDAL  WATER 
AND  ELLXTROLYTFS  IN  THE  (’HI(Hv» 
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Department  of  Medicine.  I'niversity  of  California,  Lok  Angeles 
ABSTRACT 

Some  asiiccts  of  elcM-trolytc  and  wator  inotaholisin  of  thyroid  tissue  liave 
l)e<‘n  studied  in  tlie  1  F<l!»y-*>ld  eliiek,  with  and  without  tliyrotrojun.  In  the 
untreated  eliiek.  eaeh  K^.  of  thyroid  tissin*  eontained  723  fjin.  of  water,  1 1 1 
ine<i.  of  sodium  and  (iO  meij.  of  |)otassium.  The  volume  of  distribution  of 
radiosodium  in  the  thyroid  expanded  progressively  over  a  jieriod  of  24  hours, 
ultimately  reaehing  aiiproximately  (it)  percent  of  organ  weight.  By  eoncrast, 
in  nine  extrathyroidal  tissues  studied,  eipiilihration  with  radiosodium  was 
very  rajiid.  Thirty  minutes  after  the  intraeardiae  administration  of  TSH,  the 
thyroid  gland  showed  a  slight  increase  in  water  concentration,  a  marki'd  in¬ 
crease  in  the  10-minut(‘  uptake  of  radiosodium,  no  significant  (hangi*  in  th(> 
concentration  of  stable  sodium  or  potassium,  and  no  change  in  the  lO-minute 
volume  of  distribution  of  radio-iodinated  human  serum  albumin.  Four  hours 
afti'r  'I'SH,  then*  was  a  more  striking  increasi'  in  water  concentration,  no 
etfect  on  radiosodium  uptake,  a  decrease  in  the  concmitration  of  stable  sodium, 
and  an  increase  in  the  coiicentration  of  stable  iiotassium.  'I'he  latency  of  thi' 
effect  of  TSH  uiion  thyroidal  radiosodium  uiitake  was  l.o  minuti's  or  less.  Thi' 
threshold  dosi*  was  0.4!)  milliunits  (I’-S.!*.)  jier  chick. 

The  ilata  indicate  the  presence  in  the  thyroid  of  an  “extra”  extracellular 
sjiace,  the  follicular  lumen,  whiidi  is  riidi  in  sodium  and  in  whiidi  exidiange 
with  labelh'd  sodium  is  slowly  accomplished.  'I'lie  action  of  TSH  in  the  first 
half-hour  is  interpreted  as  an  acceleration  of  the  transfer  of  sodium  across  one 
or  more  thyroidal  barriers.  The  effects  of  TSH  observed  after  four  hours  are 
indicative  of  cellular  hypertrophy  and  loss  of  intraluminal  colloid. 

TII1'>  concopt  lias  nMuncrgcd  in  nuuMit  ycairs  that  lionnoiu's  may  func¬ 
tion  hy  altering  tlu*  periiK'ahility  of  a  target  ti.ssuc  to  various  siih- 
stanc(*s  In  tlu*  case  of  the  uterus,  .sevt'ral  early  actions  of  estrogem 

sugg(*st  the  presence'  of  such  a  UK'chanism;  these  include*  the*  ineluction  etf 
hype*re*mia,  an  incre*ase*  in  water  content,  anel  incre*ase*s  in  the*  tissue  uptake* 
e)f  trypan  blue,  Na-\  P^-  anel  raelio-ioelinate*el  albumin  (d-7).  Similarly, 
te'stostereme  aelminist ration  re*sults  in  an  incre*ase*  in  the*  wate*r  conte'ut  etf 
the*  seminal  ve*.sicle  of  the  castrate*  rat  (S).  Recently,  Eichhorn  el  al.  elemon- 
strate*el  that  the*  aelministration  etf  ACTH  le*aels  rapidly  to  a  significant 
e'xpansion  of  the  intraaelrenal  volume  etf  elistribution  of  n-xyleise*  in  hy- 
pe)physe*ctomize*d  rats  (R),  an  action  not  unlike*  that  of  insulin  on  ske*le*tal 
muscle  (10). 

Receive*d  Februiiry  10,  1901. 

'  .Vided  by  a  grant  from  the  ('aiuer  Research  Funds  of  the  I’niversity  of  t’alifornia 
and  by  I’SPHS  Grant  A-4179. 
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Two  observations  suggesting  a  similar  action  of  thyrotropin  (TSH)  upon 
tlie  thyroid  gland  have  been  reported.  In  vitro,  TSH  causes  a  relative  in¬ 
crease  in  the  water  content  of  beef  thyroid  slices.  However,  this  effect  is 
slow  in  development;  it  becomes  evident  only  after  10  hours  and  is  still 
increasing  after  25  hours  (11).  In  the  rat,  TSH  causes  a  decline  in  the  thy- 
roid-to-serum  concentration  gradient  of  iodide,  before  it  induces  its  more 
characteristic  action  of  increasing  that  gradient  (12).  Analysis  of  these  data 
indicated  that  an  enhanced  efflux  of  iodide  was  the  immediate  mechanism 
for  the  transient  decline,  and  Halmi  ci  al.  proposed  an  alteration  in  the 
p(*rmeability  of  thyroidal  cell  membranes  as  a  possible  underlying  mecha¬ 
nism  (12).  In  the  present  .study,  the  early  effects  of  TSH  in  vivo  upon  the 
content  of  water,  .sodium  and  pota.s.sium  and  upon  the  uptake  of  radioac¬ 
tive  sodium  of  the  chick  thyroid  gland  were  explored,  in  order  to  determine 
whether  stimulation  of  the  thyroid  gland  is  accompanied  at  an  early  stage 
by  altered  rates  of  tran.sfer  of  these  inorganic  constituents.  A  preliminary 
communication  of  part  of  this  work  has  been  published  (13). 

METHODS 

White  Leghorn  eockerels,  supplied  bj-  Kimber  Farms,  Pomona,  Calif.,  were  studied 
and  saerifieed  during  the  seeond  day  after  hatehing,  unless  otherwise  indicated.  During 
acute  experiments,  chicks  were  kept  at  room  temperature  without  food  and  water;  when 
kei)t  for  longer  periods,  as  in  the  experiments  of  Figure  1  and  in  experiment  12  (Table  2), 
they  were  warmed  by  a  heat-lamp  and  given  access  to  water. 

Hormonal  agcmts  were  dissolved  in  isotonic  saline  immediately  before  use  and  injecti'd 
by  the  intracardiac  route  in  a  volume  of  0.1  ml.  The  dose  of  bovine  TSH  ordinarily  em¬ 
ployed  was  10  milliunits  (U.S.P.)  and  the  preparation,  unless  otherwise  indicated,  was 
Thytropar®.  Control  animals  received  0.1  ml.  of  isotonic  saline  by  the  same  route. 

Isotopic  materials  in  isotonic  saline  were  injected  in  0.1  ml.  of  volume  into  the  right 
jugular  vein.  Amounts  employed  were  10  /xcof  Na*^,  4/xe  of  Na*-  or  10/iCof  radio-iodinated 
human  serum  albumin  (R1S.\).  Before  use,  Na^^Cl  in  HCl  (Oak  Ridge  National  Labora¬ 
tory)  was  neutralized  with  0.2  M  NaOH  and  diluted  to  a  final  concentration  of  300-3.50 
milliosmoles  per  liter.  Radio-iodinated  albumin  in  saline  was  dialyzed  b(‘fore  use  against 
10  L.  of  isotonic  saline,  to  which  sufficient  unlabelled  human  serum  albumin  was  added 
to  make  it  isosmotic  with  the  contents  of  the  bag  (0.16%  albumin).  The  dialysis  was 
carried  out  at  4°  C  for  4  hours,  and  reduced  the  TC'.\-soluble  fraction  to  less  than  0..5% 
of  the  total  radioactivity.  The  electrophoretic  mobility  of  dialyzerl  RIS.\  was  identical 
to  that  of  human  serum  albumin,  as  determined  by  the  staining  and  counting  of  strips 
containing  RIS.\  alone  and  of  strips  containing  RIS.V  plus  added  unlabelled  albumin. 

Chicks  were  sacrificed  by  decapitation,  blood  was  collected  by  gravity  into  heparin¬ 
ized  tulw's,  and  the  thyroid  glands  and  other  tissues  were  dissected  quickly,  trimmed  on 
filter  paper  moistened  with  saline,  blotted  lightly,  jdaced  in  tared  shell  vials  and  weighed. 
Vials  were  dri(‘d  overnight  at  10.5°  C',  weighed  and  counted  in  a  well-type  scintillation 
counter  against  an  appropriate  ali(iuot  of  the  administered  Na*^  or  Na*^.  In  the  various 
experiments  on  thyroidal  water  contc'nt,  the  thyroid  glands  of  two,  three,  six  or  ten  ani¬ 
mals  wen*  ]>ooled  in  glass-stoppered  weighing  vials.  Within  a  given  experiment,  the  same 
number  of  thyroids  was  employed  jjer  vial.  In  the  studies  of  stable  sodium  and  potassium 
content,  tlu*  procc'dures  were  as  above  except  that  tissues  were  trimmed  on  filter  paper 
moistened  with  distilled  water,  .\fter  determination  of  dry  weight,  the  tissues  were  trans- 
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forrcd  to  small  beakers  with  2.0  ml.  of  concentrated  nitric  acid  and  digested  overnight  at 
room  temperature  and  then  to  dryness  at  80°  C.  The  digests  were  dissolved  in  warm 
water,  filtered  through  #40  Whatman  i)apc‘r,  diluted  to  25  ml.  and  analyzed  by  flame 
photometry.  The  electrolyte  content  of  a  reagent  blank  was  simultaneously  determined 
and  was  subtracted  from  that  of  the  tissues.  The  recovery  of  sodium  atlded  to  jiools  of 
chick  thyroids  averaged  102%.  The  electrolyte  content  of  serum  or  of  heparinized  i)lasma 
was  determined  after  dilution  of  tlu'  sami)les,  without  digestion.  The  amount  of  heparin 
employed  (2  mg.)  introduced  ai)i)roximately  one  milliequivalent  of  sodium  i)(‘r  liter  of 
plasma. 

The  concentration  of  sodium  or  of  radiosodium  was  calculated  as  the  content  in  th(> 
organ  per  gram  of  tissue  weight  or  i)er  gram  of  tissue  water.  The  tissue  concentration 
divided  by  that  for  plasma  describes  the  apparent  volume  of  distribution  of  sodium  or  of 
radiosodium  as  a  fraction  of  the  total  weight  of  tissue  or  of  tissue  water.  Corn'ctions  for 
the  Donnan  equilibrium  and  for  the  difference  between  the  water  content  of  extracellular 
fluid  and  of  plasma  were  not  introduced,  since  they  essentially  cancel  each  other.  Tlu' 
“true”  volumes  of  distribution  would  actually  be  the  volume  herein  reported,  multiplied 
by  0.942M).95,  or  0.992. 

In  order  to  check  on  the  reliability  of  blood  samples  obtained  by  decai)itation,  the 
hematocrit  of  5  such  samples  was  compared  with  the  hematocrit  of  sam))les  drawn  by 
syringe  from  the  heart  immediately  prior  to  decapitation.  The  hematocrits  resulting  from 
the  two  methods  were  essentially  identical.  However,  in  those  experiments  in  which  the 
chicks  were  allowed  food  and  water,  the  crop  was  clamped  prior  to  decajiitation  as  an 
added  precaution  against  dilution  of  blood  by  extravascular  materials. 

RESULTS 

Thyroidal  Weight  and  Water  Content.  The  over-all  mean  thyroidal  water 
concentration  in  pools  representing  a  total  of  316  saline-treated  control 
chicks  was  72.3  mg.  p(‘r  100  mg.  of  thyroid  weight  during  the  second  day  of 
life.  The  thyroidal  water  concentration  was  lower  than  that  of  muscle, 
testis,  duodenum,  kidney,  glandular  stomach,  thymus  and  adrenal:  it  ex¬ 
ceeded  the  water  concentration  only  of  organs  rich  in  lipid  liver  and  .sub¬ 
cutaneous  fat.  There  was  considerable  inter-exp(‘riment  and  inter-group 
variation  in  the  water  content  of  the  thyroid  of  control  animals.  In  order  to 
minimize  the  importance  of  this  factor,  a  TSH-treated  group  was  always 
alternated  with  its  saline-treated  control  group  in  the  schedule  of  sacrifice. 

After  the  intracardiac  administration  of  10  milliunits  of  TSII,  the  thy¬ 
roidal  concentration  of  water  was  unchanged  for  10  minutes  and  then  ro.s(> 
slightly  in  20  minutes  (P<.05)  and  more  definitely  in  30  minutes  (P 
<.001).  The  maximal  respon.se  was  reached  in  120  to  240  minutes  and 
consisted  of  an  increase  of  about  4  mg.  of  water  per  100  mg.  of  thyroid 
weight,  a  rise  of  5.5%  (Fig.  1).  Total  wet  weight  of  the  thyroid  tended  to  be 
higher  after  TSH  than  in  the  control  groups,  but  not  significantly  so  (Table 
1).  The  increa.se  in  the  concentration  of  water  was  the  result  both  of  an 
increase  in  water  content  and  a  decrease  in  the  weight  of  solids  pcq-  whole 
thyroid  gland.  The  response  of  thyroidal  water  concentration  of  TSH 

^  The  plasma  water  concentration  observed  in  52  chicks  was  94.2  +  0.12  mg.  per  100 
mg.  Donnan  factor  was  taken  to  be  0.95. 
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TaBLK  I.  'I'llK  EFKKrT  OK  I NTRAKARDI A<'  TSH  I  RON  THE  WEKJHT,  SOLIDS,  AM)  WATER 
CONTENT  OK  THE  CHICK  THYROID 


Exiwri- 

ment 

number 

Substance 

injected 

Time  b<*tween 
TSH  or  saline 
and  sacrifice 
(minutes) 

Wet  weight 
(mg.  thyroid) 

Dry  weight 
(mg.  thyroid) 

Water 

(iiiR.  thyroid) 

Water 

concentration 
(mg.  KM)  mg. 
thyroid) 

i:{ 

Saline 

and  240* 

3.9:1+  .089  (13)** 

l.(M>4+  .022 

2.87+  .(Hi9 

72.9  +  0.20 

TSI!*** 
l’-valu<-,  TSII  v( 
salini‘ 

.1(1 

4. 07  ±.091  (9) 

-NSt 

1 .0.30+  .020 

XS 

3.041  .07.3 

XS 

74.510.22 

<.001 

TSH*** 
l*-valu<-,TSll  v< 

240 

.*rsus 

4.17±.(K)1  (9) 

0.099±  .012 

3.171  .O.W 

70.010.25 

salin<‘ 

NS 

<  .05 

<.01 

< .(H)l 

H 

Saline 

240 

3.81  +  0.11 

1.1.30+  .035 

2.08+  .070 

70.3  +  0.22 

TSH*** 
l*-value,  TSH  Vi 

240 

L*rsus 

4.0210.12 

1.0301  .o:i5 

2.981  .089 

74.210.21 

saline 

xs 

XS 

<.05 

<.001 

*  Six  p(M>l8  of  aniiiials  rocoivod  salino  HO  minutes  Ix'fore  sacrifice  and  seven  were  so  treat^Kl  240  minutes  before 
siuTifice.  Since  tlu*re  were  no  differences  betw(*t*n  these  two  sub-sroups,  the  pooled  data  are  presenttKl. 

**  Mean  ±  standard  error  of  the  mean  (numbi'r  of  pools).  Each  pool  ccmsisted  of  the  thyroid  glands  of  10  chicks  in 
exjMTiment  IH  and  0  chicks  in  exp«Timenl  14. 

TSH  do8<‘  was  10  mv.  in  ex|x*rinH*nt  IH,  100  mi*,  in  experiment  14. 
t  NS  not  significant  (1*>.05). 


Ix'gan  to  (U'clino  in  (i  hours,  was  inconstant  at  Ui  and  24  hours  and  had 
fully  disappeared  hy  4S  hours  (Fifj;.  1). 

Thyroidal  Uptake  of  Radiosadium.  Sodiuin-24  r(*aeh(‘d  its  maximum  eon- 
eentration  in  the  thyroid  {jland  very  slowly  in  the  absence  of  added  TSH 
(Fiji;.  2  and  H(‘f.  Id,  Table  1).  The  ultimate  volume  of  distribution  was 
suprisin^ly  ^reat;  the  ISO-minute  values  defined  volumes  of  distribution 
ranging  from  4()  to  51%  of  thyroidal  weight  and  from  (id  to  70%  of  the  total 
thyroidal  wat('r.  The  phenoimaion  of  doday  in  Xa^^  entry  into  the  thyroid 


Fig.  1.  The  rcsiionsc  of  thyroidal  concentration  of  water  to  TSH.  Vertical  lines 
in  this  and  subsequent  figures  indicate  one  standard  error  of  the  mean.  *  =  P  <.()"). 
**=- P  <.01.  ***  =  !’  <.()()1. 


Xovemb<r,  1H61  THYROIDAL  WATKR  AND  KLKC  TROLYTKS 


943 


Fig.  2.  The  rapidity  of  movcmont  of  Na’*^  into  various  tissues  of  tlie  eliick.  TSH 
was  administered  20  minutes  before  Na-^  in  each  ffroup. 

gland  was  confirmed  by  tlic  fact  that  the  volume  of  di.strihiition  20  minutes 
after  the  injection  of  Xa-^  was  significantly  le.ss  than  that  at  ISO  minutes 
(P<.001)  in  (*ach  of  thn'e  expi'riments.  hiveii  aftm-  d  hours,  the  thyroidal 
conci'iitration  of  radiosodium  was  not  n(*c(\s.sarily  at  its  maximum,  as  shown 
in  Kxperiment  12,  Table  2,  wlu'n*  the  o-hour  and  24-hour  volumes  of  dis¬ 
tribution  were  significantly  greater  than  that  which  existed  at  d  hours.  By 
contrast,  Xa-^  reaclu'd  its  maximal  distribution  very  rapidly  in  each  of  nine 
other  tissues  studied  (Hef.  13,  Table  1);  the  kinetics  for  all  of  these  tissues 
are  exemplifii'd  by  those  for  musch*  and  t(‘stis  shown  in  Figure  2.  Tlu*  20- 
minute  volume  of  distribution  ecjualh'd  that  at  ISO  minutes  in  all  instanci's 
except  in  the  case  of  the  duodenum,  where  a  small  but  statistically  signifi¬ 
cant  increase  was  noted  after  ISO  minutes. 
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Table  2.  The  ekkect  ok  tsh  l  kox  the  voli  me  ok  histribltiox  ok  Na”  ix  the 

(  HirK  THYROIH,  W  HEX  TSH  IS  AD.MIXISTERBI)  AT  LOXG  IXTERVALS  AKTER  Na“ 


Experi¬ 

ment 

num¬ 

ber 

Sub- 

stanee 

injeeted 

Time  between 
.W’*  amlTSH 
or  saline 
injections 
(hours) 

Time  between 
TSH  or  saline 
injection  and 
sacrifice 
(hours) 

Volume  of 
distribution 
of  Na*2* 

P-values 

vTr”.  --- 

"sr 

10 

Saline 

3 

1 

58.7  +  1.73  (5)** 

TSH 

3 

1 

3 

57. 8  ±1.99  (5) 

NSt 

Saline 

3 

1 

59.9 +2. 40  («) 

NS 

TSH 

3 

1 

02.3  +  1 .09  (0) 

NS 

Saline 

3 

2 

01.1  +0.75  (5) 

NS 

TSH 

3 

2 

02.1  ±1.10  (5) 

NS 

1 1 

None 

3 

h 

49.0  ±0.07  (8) 

.Saline 

3 

1 

49.4  +  1.09  (8) 

TSH 

3 

i 

.50.0  ±1.79  (7) 

<.01 

12 

Saline 

3 

1  ' 

40.4  +  1  ..57  (0) 

TSH 

3 

h 

.53.1  ±0.04  (0) 

<.01 

.Saline 

o 

h 

.50.3  +  0.92  (  7) 

<  .05 

TSH 

5 

1 

00.4  ±1 .42  (7) 

<  .001 

.Saline 

24 

h 

.50.2  +  0.09  (7) 

<  .001 

TSH 

24 

1 

2 

59.0  ±0.88  (0) 

<.05 

*  Volume  of  <listril>ution  in  this  and  subsequent  tables  is  expressed  as  a  percentage  of 
organ  weight  and  is  calculated  as  100  times  the  Na”  per  mg.  of  organ/Na“  per  mg.  of  plasma. 
**  Mean  ±standard  error  of  the  mean,  with  number  of  chicks  in  parentheses, 
t  See  Table  1. 


Tlu*  admini.stration  of  TSH  accelerated  the  entry  of  Na^^  into  the  thyroid 
gland  (Fig.  2),  while  the  ultimate  volume  of  di.stribution  was  not  .signifi¬ 
cantly  increa.sed  (ditTerence  between  TSH-treated  and  saline-treated 
groups  not  significant  at  the  ISO-minute  point  in  two  experiments,  barely 
significant  at  O.Oo  level  in  a  third).  The  enhancement  by  TSH  of  the  20- 
minute  uptake  of  Xa-^  was  significant  in  all  three  of  these  experiments  and 
in  .s(‘veral  others.  TSH  produci'd  no  effect  on  the  Xa^^  uptake  of  eight  of  the 
nine  extrathyroidal  ti.s.sues  studied;  in  the  case  of  the  liver,  there  was  an 
appanuitly  .significant  reduction  in  the  volume  of  distribution  of  Xa^^  in  one 
(>xp(‘riment,  but  this  was  not  confirmed  in  a  .second  expiu'iment. 

The  failure  of  TSH  to  enhance  consistently  the  180-minute  thyroidal 
uptake  of  rafliosodium  might  have  been  due  to  waning  of  the  effectiveness 
of  TSH  during  the  longer  time  interval  or  to  the  fact  that  TSH  acted  only 
upon  the  rate  of  entry  of  radio.sodium  and  not  upon  its  ultimate  volume  of 
distribution.  Accordingly,  experiments  were  performed  in  which  Xa^^  was 
administered  many  hours  prior  to  the  injection  of  saline  or  of  TSH,  and  in 
which  the  animals  were  then  sacrificed  at  short  intervals  thereafter, 
when  TSH  was  known  to  be  .still  operativ'e  (Table  2).  In  one  instance  (Ex¬ 
periment  10),  the  volume  of  distribution  of  radiosodium  reached  an  appar¬ 
ent  plateau  in  the  .saline-treated  controls.  In  this  situation,  TSH  caused  no 
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further  enlargement  of  the  volume  of  distribution.  When  the  volume  of 
distribution  of  radiosodium  had  not  reached  a  plateau  before  TSII  was 
administered  (Experiments  11  and  12),  it  was  then  significantly  enhanced 
by  TSH,  as  one  would  expect.  In  any  case,  when  TSII  was  given  after 
radio.sodium,  its  apparent  effect  upon  the  thyroidal  volume  of  distribution 
of  the  isotope*  was  always  very  much  smaller  than  when  the  hormone  was 
given  before  the  isotope  (compare  Fig.  2  with  Table  2). 

Since  TSH  altered  principally  the  early  rate  of  entry  of  Xa-^  into  the 
thyroid  gland,  the  10-minute  or  20-minute  Xa-^  uptake  was  employed  in  all 
studies  of  the  time-response  and  dose-response  relationships.  When  TSH 
was  administered  only  1  minute*  before  Xa’^  no  significant  increase  in  20- 
minute  Xa^^  uptake  was  induced  (Table  3),  but  a  o-minute  interval  re¬ 
sulted  in  a  highly  significant  increase  and  10-minute  and  20-minute  inter¬ 
vals  gave  maximal  respon.ses.  By  00  and  100  minutes,  the  differences  be¬ 
tween  the  TSH-treated  and  saline-treated  groups  wer(*  barely  significant, 
and  at  220  minutes  the  effect  was  no  longer  significant. 

When  the  interval  between  Xa’^  and  sacrifice  was  shortened  to  10  min¬ 
utes,  the  latency  of  the  effect  of  TSH  proved  to  be  ev'en  shorter  than  that 
sugge.sted  by  the  above  data.  An  injection  of  TSH  o  minutes  before  the  Xa-^ 


Table  3.  The  time-resi’onse  relatio.nshii’  for  the  effect  of  TSH  ox  the 
20-minute  volume  of  distribution  of  in  the  chick  thyroid  oland 


Exper. 

Xo. 

Substance 

administered 

Time  between 
TSH  and  Xa»' 
injections 
(minutes) 

Volume  of 
distribution  of  Xa^'* 

P-vakie  for 
difft'rence 
between  TSH 
and  saline 

0 

Saline 

1 

25.9  +  1.50  (0)** 

TSH*** 

1 

30.4  ±3.09  (5) 

xst 

9 

Saline 

5 

27.3  +  1.00  (0) 

TSH 

5 

39.0  ±2.71  (0) 

<  .01 

7 

Saline 

10 

27.9  +  1.40  (0) 

TSH 

10 

45.0  ±1  .49  (0) 

<  .001 

7 

Saline 

20 

28.2  ±1 .10  (0) 

TSH 

20 

44.7  ±1  .78  (0) 

<  .001 

0 

TSH 

20 

40.0  ±3.48  (0) 

< .001 tt 

0 

Saline 

00 

30.1  ±2.80  (.5) 

TSH 

t)0 

42.5±4.43  (0) 

<  .05 

0 

TSH 

100 

32. 3  ±1.42  (0) 

<.05tt 

0 

Saline 

220 

24.8±2.83  (4) 

TSH 

220 

31 .1  ±1  .34  (5) 

xst 

*  See  Table  2. 

**  See  Table  2. 

***  TSH,  10  milliunits,  or  saline  was  administered  by  the  intraeardiae  route  at  various 
times  prior  to  the  intravenous  injection  of  Xa*^  The  interval  between  Xa'*^  administration 
and  sacrifice  was  in  all  cases  20  minutes. 

t  See  Table  1. 

tt  t-test  performed  for  this  TSH-treated  group  against  the  pooh'd  data  of  the  three 
saline-treated  groups  of  experiment  6.  The  pool  had  a  mean  of  27.0  +  1.30  with  an  X  of  15. 


SOLOMON 


Volume  69 


94<i 


DOSE  OF  TSH,  UILLIUNITS  USP 

Fig.  :L  (’(nni)(>r;it(‘  lof?  dosc-n'siMHisi'  curvo  for  tho  (‘ffcct  of  TSH  on  tlu*  2()-niinut(‘ 
thyroidal  volunu'  of  distribution  of  Na’L  TSH  in  each  case  was  adininistored  20  ininutos 
Ix'foro  Na-^  and  rhicks  wen'  sacrificod  20  minutos  after  Na*L 

injoctioii  1(‘(1  to  a  small  hut  significant  incrc'aso  in  tlu*  volnnic  of  (li.strihntion 
of  Xa-^  and  a  l()-minnt('  TSH-to-Xa''^^  interval  n'snltc'd  in  a  highly  .signifi¬ 
cant  incrcasi'. 

Th(‘  (lo.s(‘-rcspons(‘  ndationship  is  pictiinal  in  Figure'  3.  The  threshold 
do.s('  of  TSH  lu'ce.s.sary  for  an  effect  on  the  2()-minnt('  volume  of  distribution 
of  Xa-^  was  ().4fi  I'.S.P.  millinnits;  a  do.se  of  0.37  millinnits  was  inefh'ctive. 
TSH  do.ses  of  0.74  millinnits  or  higher  indnee'd  respon.ses  which  wen'  sig¬ 
nificantly  diffi'n'iit  from  tlu'  .saline'  group  he'yonel  the  .001  le've'l  e)f  proba¬ 
bility.  .V  maximal  re'spemse  was  indiu'e'd  by  1.11  millinnits,  elefining  a  elose'- 
re'sponse'  curve'  of  ste'e'p  slope',  fedlowe'el  by  a  long  plate'au.  Eighty  micro¬ 
grams  of  bovine'  albumin,  an  amount  e)f  prote'in  approximate'ly  thrice  that 
e)f  the'  higlu'st  TSH  elose,  elid  not  alter  the  volume  e)f  eli.stribntion  of  Xa^^; 
ne)r  eliel  .*)00  U.S.P.  millinnits  of  .\CTH.  Two  aelelitional  pre'parations  of 
TSH  can.se'el  the'  .same  ele'gre'e  of  re'spon.se  as  elid  Thytropar®  when  aelminis- 
tere'el  in  e'cinal  nnitage'.  The  first  was  U.S.P.  Re'fere'iu'e'  Stanelarel;  the  .sec¬ 
ond  was  a  highly  pnrifie'd  material  pre'pare'd  by  Pierce  et  al.  (14).  The  lat- 
te'r  preparation  e'ontaine'd  approximate  ly  1.5  U.S.P.  units  pe'r  mg.,  accord¬ 
ing  to  assay  by  chick  P^-  uptake  (1.5)  anel  human  P-^^  uptake  methods  (1(5). 

For  comparison  the'  ele)se-re'spon.se'  characte'iistics  of  the'  acute  effe'ct  of 
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TSII  on  tho  early  pliaso  of  thyroidal  P'*-  uptake  was  stiuliinl.  WIkmi  TSII 
was  inj(*{*to(l  20  minutes  prior  to  P'*-,  the  tlin'sliold  (los('  for  enhaneeuK'ut  of 
tlie  20-minute  uptake*  of  P-*-  was  greater  tlian  1.2")  milliunits,  and  a  maximal 
('tfeet  was  achieved  with  o.O  milliunits.  Ih'nce,  uiuh'r  i(l(*ntical  te'inporal 
conditions,  the  radiosodium  r(*spon.s(*  appear(*d  to  In*  consi(l(*ral)ly  more 
sensitive  to  TSH  than  was  the  re'sponse*  in  P'*-  uptake*. 

With  minor  cpiantitative*  elitfe*re*nce*s,  all  phe*nome*na  re*pe)rte*el  the*  sle)W 
e*ntry  e)f  raeliexsoelium  into  the*  thyre)iel,  the*  e*nchance*m(*nt  e)f  the  rate*  e)f 
entry  hy  TSH,  the*  time*-re*spe)nse*  anel  ele)se*-re*spe)nse  re*lationships  we*re* 
similarly  cle*arcut  whe*n  the*  raelie)se)elium  ce)nte‘nt  was  e'xpre*sse*el  in  ways 
other  than  as  volume  of  distribution:  e*.g.,  as  teetal  thyre)ielal  raelie)se)elium, 
raeliose)elium  pe*r  gm.  we*t  we*ight,  raetie).sodium  pe*r  gm.  elry  we*ight,  raelie)- 
soelium  pe*r  gm.  e)f  thyrenelal  wate*r,  or  vedume*  e)f  elistrihution  e)f  Xa-‘  in 
thyredelal  water. 

Thyroidal  Content  of  Stable  Sodium  and  Potassium.  The*  thyrenel  glanel  e)f 
untre*ateel  or  saline*-tre*ate*el  chicks  cemtaineel  111  meep  e)f  sexlium  anel  00 
meep  e)f  potassium  pe*r  kg.  e)f  fre*sh  ti.ssue*.  Te)ge*the*r,  the*.se  elata  elictatexl  a 
cation  concentration  of  gre*ater  than  280  meep  per  kg.  e)f  thyroielal  wate*r, 
(Table  4).  The  concentration  of  both  cations  in  muscle*  was  lower  than  that 
in  thyroiel,  whether  e*xpre*.s.se*d  pe*r  kg.  e)f  fre*sh  ti.ssue*  or  per  kg.  of  ti.ssue 
water.  Plasma  containe*el  14<S  nw'ep  pe*r  L.  of  sexlium  anel  o.2  meep  pe*r  L.  of 
pedassium. 

The*  aelministration  e)f  TSII  eliel  not  increase*  the*  ce)nte*id  or  ce)ne*e*ntration 
of  stable  soelium,  when  stuelie*el  e*ithe*r  80  minute's  after  TSII  injection,  a 
time  whe*n  the  incre*ase  in  thyroielal  raeliosexlium  uptake  was  maximal,  or 
240  minute's  after  TSII  injection,  a  time  whe*n  the*  increase*  in  thyrenelal 
water  concentration  was  maximal  (Table*  4).  Inste*ael,  an  actual  deereasc 
occurre*el,  which  was  significant  in  the  240-minute*  group.  The*  conce*ntratie)n 
of  potassium,  on  the  edher  hanel,  eliel  not  change*  signifie'antly  after  80 
minute*.s,  but  rose  significantly  after  240  minute*s.  The*  latte*r  incre*a.se*  was 
partly  attributable  to  the  incre*ase*  in  water  cemtent  manifest  at  that  time; 
howeve*!’,  potassium  concentration  pe*r  kg.  e)f  tissue*  water  was  also  signifi- 
e*antly  e'levated.  The  total  concentration  of  both  cations  in  thyroielal  water 
fell  significantly  80  minute's  after  TSII  aelministration;  afte*r  240  minutes, 
the  fall  in  soelium  was  balance*el  by  the  ri.se  in  pedassium.  TSII  cau.seel  no 
change*  in  cation  concentrations  in  muscle*  or  in  plasma. 

Technical  problems  maele*  it  elifficult  to  ele*te*rmine  raeliosoelium  anel  stable* 
sodium  values  on  the  same  thyroiel  glanels;  he*nce'  no  figure*s  for  true  .spe*cific 
activity  are  available.  However,  the  finelings  re*gareling  raelie)soelium, 
sodium,  anel  water  conce'nt  rat  ions  we*re*  so  consiste*nt  among  many  elifTere*nt 
e'xperiments  that  it  .se*e*m'*el  re*asonable  to  e*alculate*  spe*cific  activitie*s  anel 
soelium  space*s  from  the*  me*an  value's  of  elifferent  e*xpe*rime*nts.  Such  ele*rive*el 
elata  are*  pre*se*nte*el  in  Table  5.  It  shoulel  be  note*el  that  the*  spe*cific  activity 
e)f  thyrenelal  sexlium  is  consiele'rably  le*.ss  than  that  e)f  plasma  sexlium,  e*ve*n 
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Table  4.  The  effect  of  TSH  ox  the  coxcextratiox  of  stable  sodium  and 

POTASSIl  M  OF  THYROID  AXD  Ml  SCLE  TISSUE  IN  THE  CHICK 


Sodium  Potassium 


Substances 

administered 

Number 
of  pools* 

gm.  per 
kg.  fresh 
tissue 

meq.  per 
kg.  fresti 
tissue 

meq.  per 
kg.  tissue 
water 

meq.  per 
kg.  fresh 
tissue 

meq.  per 
kg.  tissue 
water 

Thyroid 

Saline** 

TSH,  30  min. 
p-value,  TSH 
versus  saline 
TSH,  240  min. 
p-value,  TSH 
versus  saline 

10 

8 

8 

728  ±2.0 
744  +2.1 
<  .001 

700+2.7 
<  .001 

111  ±5.0*** 
00  +0.0 
NSt 

04  ±5.0 
<  .05 

1.53  ±7.1 
120+0.2 
NS 

124±0.4 
<  .02 

00  ±3.1 

54  ±  2 . 5 
NS 

73  ±  1 . 5 
<  .01 

83±4.2 

73±3.3 

NS 

00  ±2.0 
<  .05 

Muscle 

Saline 

TSH,  30  or  240  min. 
j)-value,  TSH 
versus  saline 

8 

844  ±3.0 
843  ±2  . 5 
NS 

00+3.2 

03  +  1.2 

NS 

113±3.8 
110  +  1.0 
NS 

41  ±1 .5 
41  ±1.0 
NS 

40  ±2.1 
40  ±2.4 
NS 

*  Each  pool  consisted  of  the  thyroid  gla 
tlie  same  chicks. 

lids  of  ten  chicks  or  the  pectoral  muscle 

'  of  two  of 

**  Salim*  was  administered  either  30  minutes  or  240  minutes  prior  to  sacrifice.  Since  there 
was  no  difference  fietween  the  two  sufi-groups,  the  pooled  data  are  presented. 

***  S»*e  Table  2. 
t  See  Table  1. 


wIk'ii  24  liour.s  havo  Itoon  allowed  for  exchange  to  occur.  By  contra.st,  the 
.specific  activity  of  muscle  sodium  attains  equality  with  that  of  plasma  in 
only  20  minutes. 

Thyroidal  Uptake  of  Radio-iodi noted  Human  Serum  Albumin:  In  order  to 


Table  5.  Comparison  of  spaces  calculated  from  isotopic  and  stable-element 

MEASURE.MEXTS  OF  THYROID  AXD  -MUSCLE  f 


Per  kg.  fresh  tissue 


Thyroid, 

control 

Thyroid, 

30  minutes 
after  TSH** 

Muscle 

Plasma 

Water  (gm.) 

723 

744 

843 

042 

Na  (meq.) 

111 

00 

00 

144 

K  (meq.l 

00 

54 

41 

5.0 

Na  and  K  (meq.) 

171 

150 

137 

149 

2(*-minute  Na*  (^f  admin,  dose) 
20-minute  S.A.  (*'l  admin,  dose/ 

1038 

2034 

4099 

0000 

meq.) 

14.8 

27.4 

42.7 

42.1 

24-hour  Na*  (CJ  admin,  dose) 

2772 

4800 

24-hour  S..\.  (^j  admin,  do.se/meq.) 

25.0 

— 

34.0 

20-minute  Na*  sjiace  (gm.) 

208 

432 

(>00 

— 

24-hour  Na*  space  (gm.) 

558 

— 

— 

— 

Na  space  (gm.) 

705 

002 

002 

— 

t  Original  data  are  derived  from  the  experiments  described  in  Tables  1,  2,  and  4,  this 
paper,  and  in  Table  1,  Uef.  13. 

**  In  isotopic  experiments,  TSH  was  administered  10  minutes  before  Na*  and  30  minutes 
before  sacrifice. 

Na*  =  radioactive  Na. 

S..\.  =s|>ecific  activity. 
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Table  (5.  The  efeect  of  TSH  ufox  the  IO-mim  te  thyroidal  voli  me  of  distribltiox 

OF  RADIO-IODIXATEl)  SERI  M  ALBl  MIX  AXI)  I  FOX  THE  lO-MIXl  TE  THYROIDAL 
I  FTAKE  OF  RADIO-IODIDE 


Hmiio-iodimitcd  human  .mu’um  albumin 

Substance 

administered 

Time  between 
TSH  and  RISA 
injections 

Volume  of  distribution 
of  RISA* 

R-value  for 
difference  between 
TSH  and  saline*** 

(minutes) 

Saline 

5 

5.00  ±0.10  (0)** 

_ 

TSHJ 

5 

4.70  +0.30  (0) 

<  .01 

TSH 

10 

5.51)  +  0. 19  (()) 

xst 

TSH 

20 

0.18+0.39  (0) 

xs 

TSH 

1)0 

0.12  ±0.23  (0) 

xs 

TSH 

180 

0.73+0.35  (0) 

<  .01 

Saline 

180 

5.88  ±0. 18  (0) 

— 

Radio-iodide 

Substance 

administered 

Time  between 
TSH  and  I>=' 
injections 

Thyroidal  uptake  of  I'’* 
(per  cent  of  administered 
do.se) 

P-value  for 
difference  bid  ween 
TSH  and  saline** 

(minutes) 

Saline 

1 

.202  ± .0205  (0) 

TSHt 

1 

.183±  .0213  (5) 

XS 

TSH 

10 

.223±  .0291  (0) 

XS 

TSH 

20 

.233  +  .0289  (0) 

xs 

TSH 

40 

.302  +  .0710  (0) 

xs 

Saline 

(>0 

.237+  .0201  (5) 

TSH 

00  . 

.197  +  .0117  (5) 

xs 

TSH 

120 

.240+  .0270(5) 

xs 

Saline 

180 

.220+  .0223  (0) 

TSH 

180 

.391  +  .0553  (0) 

<  .01 

*  Sff  Table  2. 

♦*  See  Table  2. 

***  In  both  extierimeiits  the  saline  groups  were  not  si>{nifieantly  different  from  each  other 
(by  analysis  of  variance)  and  were  therefore  pooled  for  eonijiarison  with  TSH  groups, 
t  See  Table  1 . 

t  TSH  dose  in  RISA  exjieriment  was  10  inilliunits;  in  I'’‘  experiment  it  svas  2o  milliiinits. 


study  iiitrathyroidal  plasma  v'olumo,  chicks  were  sacrificed  ten  minutes 
after  tlie  administration  of  HISA.  In  untreated  chicks  the  iiitrathyroidal 
albumin  space  at  that  interval  was  o.74%  of  organ  weight.  TSH  adminis¬ 
tered  5  minutes  earlier  appanoitly  rt'duced  the  volume  of  distribution  of 
RISA  (Table  (i).  TSH  administeivd  10,  20  or  00  minutes  before  RISA  had 
no  effect  on  the  volume  of  distribution;  only  when  TSH  was  given  LSO 
minutes  before  RISA  was  there  an  increase  in  iiitrathyroidal  radioactivity. 
However,  by  this  time,  TSH  had  begun  to  enhance  thyroidal  uptake  of 
radioiodide  (Table  0)  and  hence  these  later  results  are  no  longer  necessarily 
indicative  of  an  effect  on  thyroidal  albumin  space.  It  is  to  be  emphasized 
that  TSH  did  not  increase  10-minute  radioiodide  uptake  until  after  a  la¬ 
tency  of  greater  than  120  minutes.  Thus,  even  if  significant  amounts  of  free 
iodide  were  b{‘ing  released  from  RISA,  constancy  of  thyroidal  I'®‘  with  and 
without  TSH  must  be  interpnded  as  indicating  no  enhancing  effect  of  TSH 
on  the  thyroidal  volume  of  distribution  of  albumin. 
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After  administration  of  TSII,  there  was  no  visil)le  n'ddeninp;  or  alteration 
in  color  of  the  thyroid  gland  at  any  of  the  time  intervals  studic'd. 

DISCUSSION' 

The  thyroid  gland  of  tlu'  untreated  newly-hatched  chick  exhibits  certain 
unusual  chemical  characteristics.  The  first  is  a  high  ratio  of  sodium  to 
potassium:  this  is  charact(*ristic  of  immature  tissues  in  general  and  has  been 
interpreted  as  indicating  inefficiency  of  sodium  (‘xtrusion  nu'chanisms  (17, 
18  and  Table  4).  In  several  sp(*cies  a  rapid  (h'cline  in  the  sodium  and  chlor¬ 
ide  of  muscle  occurs  soon  afti'r  birth,  while  the  potassium  content  is  climb¬ 
ing  to  adult  l(*vels  (IS,  19).  Howev(*r,  the  high  sodium  potassium  ratio 
probably  persists  in  thyroid  gland  despite  maturation,  since  Keller  found  a 
ratio  of  l.fi  1.0  in  a  few  analyses  of  adult  sh(‘(‘p  thyroids  (20).  Further 
studies  on  this  matt(*r  an*  in  progress  in  our  laboratory.  Si'condly,  the  total 
thyroidal  concentration  of  the  two  rations  is  extraordinarily  high,  amount¬ 
ing  to  2:10  nK'ip  per  kg.  of  tissue  water.  The  ob.s(>rved  sodium  cannot  all  be 
assigned  to  the  interstitial  spaces,  .since  this  compartment  would  thereby 
have  to  amount  to  70  %  of  organ  w(*ight  or  over  100  %  of  thyroidal  water. 
Xor  can  any  n*a.sonable  estimate  for  intracellular  cation  concentration 
account  either  for  the  excess  .sodium  or  for  all  of  the  thyroidal  pota.ssium 
(s(‘e  Appendix).  A  dissection  of  thyroidal  cation  distribution,  based  on  more 
H'asonabh*  a.ssumptions,  indeed  r(*v('als  that  approximately  250  meq.  of 
.sodium  and  SO'meij.  of  potassium  exist  in  the  remaining  compartm(*nt,  the 
follicular  lumen,  per  lit(*r  of  colloid  water  (.see  Appendix).  This  defines  an 
“extra”  extracellular  space,  the  follicular  lumen,  rich  in  protein  and  cations 
and  poor  in  water.  From  data  reported  in  summary  only  by  Hastings,  it  is 
cl(*ar  that  considerable  chloride  is  also  pre.sent  in  the  colloid  (21).  Thus,  we 
can  infer  at  least  some  di'gn'i*  of  permeability  of  the  apical  cell  mi'inbrane 
to  sodium,  pota.s.sium  and  chloride.  On  the  other  hand,  it  is  pr{*sumably 
impermeable  to  thyroglobulin,  which  has  an  isoelectric  point  of  4.0  (22)  and 
is  dissociated  as  an  anion  at  the  pH  of  (i.fi  observed  for  colloid  (28).  With  a 
large  content  of  an  impermeable  anion,  one  might  have  a  high  concentra¬ 
tion  of  cations  as  a  result  of  the  (libbs-Donnan  effect  and  still  maintain 
osmotic  stability  (24).  However,  the  sum  of  the  estimated  intraluminal 
concentrations  of  sodium  and  potassium  alone  exceeds  the  total  osmolar 
concentration  usually  present  in  intracellular  and  extracellular  fluids 
(Appi'iidix).  It  thus  seems  probable  that  a  considerable  portion  of  the 
intraluminal  cation  exists  in  .salt-linkage  with  protein  rather  than  as  osmot- 
ically  active  ions. 

The  temporal  course  of  the  entry  of  radiosodium  into  the  thyroid  gland 
of  th(*  untreated  newly-hatch(*d  chick  lends  firm  support  to  the  conc(*pt 
that  sodium  occupies  a  space  largi'r  than  that  characteriz(*d  as  interstitial. 
Among  the  ten  organs  studi(*d,  only  the  thyroid  showed  a  concentration  of 
radioi.sotopi*  which  ros(*  progn'.ssively  for  many  hours.  In  all  otlu'rs,  a  steady 
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state  was  achieved  (assuming  no  alteration  in  stable  sodium  content) 
within  20  minutes.  This  was  true  even  in  muscle,  where  the  extracellular 
(or,  more  accurately,  the  rapidly-equilibrating)  space  was  very  large,  60% 
of  organ  weight,  and  where  the  radiosodium  and  .sodium  .spac(‘s  were  identi¬ 
cal  (Table  o).  Since  there  is  no  reason  to  postulate  the  existence  of  a  barrier 
to  sodium  transfer  across  the  thyroidal  capillary  membrane,  the  slow  rate 
of  entry  of  the  isotope  app(*ars  to  indicate  a  <lelay  in  sodium  transh'r  acro.ss 
one  or  mon*  structures  of  cellular  origin.  In  view  of  tlu'  presemee  of  sodium 
in  the  intraluminal  colloid,  the  barriers  presumably  include  both  the  basal 
and  the  apical  cell  membranes. 

.Vn  alternative  possibility  is  that  sodium  enters  colloid  through  interc(‘l- 
hilar  chamu'ls,  but  that  equilibration  with  the  highly  viscous  follicular  con¬ 
tents  is  by  slow  diffusion.  Intercellular  chamu'ls  wen'  postulated  many 
years  ago  as  a  route  for  egn'ss  of  thyroidal  .seen'tion  (25);  howc'ver  lat('r 
studies  by  light  and  electron  microscopy  have  es.sentially  exchnh'd  their 
pre.senc('  as  anatomical  entities  (2(5).  It  thus  .seems  far  more  likc'ly  that 
sodium  must  traverse  cellular  m(*mbranes  in  order  to  reach  the  follicular 
lumen.  IIow('V('r,  once  tlu'n',  the  factor  of  .slow  diffusion  toward  the  c('nter 
of  the  g('latinous  colloid  may  well  be  involv(*d:  it  would  appear  to  lx*  th(' 
only  rea.sonable  explanation  of  the  fact  that  thyroidal  radiosodium  spac('  is 
still  expanding  between  5  and  24  hours  after  i.sotopc*  administration  in  one 
experiment  and  especially  of  the  fact  that  this  space  (*ven  after  24  hours  is 
considerably  smaller  than  the  .stable  sodium  space  (55-60%  of  organ 
weight  as  compan'd  to  about  75% ;  see  Table  5). 

The  response  to  the  administration  of  TSII  is  divisible  into  ('arly  effects 
(80  minutes)  and  latc'r  effects  (240  minutes).  The  early  action  is  highlighted 
by  a  sudden  expansion  of  the  10-minute  volume  of  distribution  of  radio- 
.sodium.  This  phenomenon  might  theoretically  b('  due  to  (1)  an  expansion  of 
the  thyroidal  vascular  sodium  pool,  (2)  an  expansion  of  the  thyroidal  inter- 
.stitial  sodium  pool,  or  (8)  a  heighteiu'd  rate  of  p('n('tration  of  radiosodium 
into  more  slowly-c'quilibrating  compartments,  pn'sumably  the  intracellular 
and  intraluminal  contents.  The  first  possibility  is  made  unlikely  by  the  fact 
that  TSII,  under  identical  temporal  conditions,  do('s  not  increase'  tlu'  volume 
of  di.stribution  of  RISA;  this  finding  also  tends  to  minimize  tlu'  likelihood 
that  any  sizeable  change'  is  initiate'd  in  local  capillary  perme'ability.  Re'- 
gareling  the  se'conel  possilulity,  a  significant  e'xpansion  of  the  interstitial 
soelium  pool  with  plasma  sodium  as  its  source  coidel  not  re'asonably  have 
occurreel  in  view  of  the  available  elata.  Such  an  event  would  have  to  be' 
accompanied  by  an  increase  in  the  total  thyroielal  content  of  stable  soelium 
anel  by  a  .size'able  increase  in  the  radiosodium  space  when  radiosoelium  had 
ne*arly  equilibrate'el  be'fore  TSII  was  aelministere'd.  As.suming  fre'e  transfer 
of  water  acro.ss  the  capillary,  an  increase  in  thyroidal  water  concentration 
from  72.8%  to  7(5.5%  woulel  also  be'  pivelicte'd.  At  short  time  intervals  afte'r 
TSII  aelmini.stration,  when  the  incre*ase  in  raeliosoelium  uptake'  is  maximal. 
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none  of  tliese  occurrences  is  ol)serve(l.  Expansion  of  the  interstitial  sodium 
pool  as  a  result  of  a  net  transfer  of  sodium  from  the  intraluminal  and  intra¬ 
cellular  compartments  is,  on  the  other  hand,  a  plausible  explanation  of  the 
observed  effects  of  T8H.  This  n^arrangiement  would  reciuire  no  increase  in 
total  thyroidal  content  of  stable  sodium,  of  pre-ecpiilibratc'd  radiosodium  or 
of  water.  Plasma  radiosodium  of  high  spc'cific  activity  would  rapidly  ex¬ 
change  with  the  enlarged  pool  of  interstitial  sodium,  thereby  accounting  for 
the  enhancement  of  the  early  phase  of  thyroidal  radiosodium  uptake  in¬ 
duced  by  T8H. 

Equally  plausible  is  the  third  proposed  action  of  TSH,  i.e.,  induction  of  a 
primary  increase  in  the  permeability  of  those  cellular  structures  which 
presumably  constitute  a  barrier  to  sodium  transfer.  If  this  is  the  case,  it 
should  be  emphasized  that  no  vet  inward  transfer  occurs,  since  free  acce.ss  to 
plasma  sodium  would  then  l(>ad  to  an  increase  in  stable  .sodium  content  of 
the  organ  as  a  whoh*,  rather  than  the  observed  decrease.  If  anything,  .stimu¬ 
lation  of  efflux  .somewhat  in  excess  of  influx  must  be  postulated.  Direct 
m(*a.sur(Mnent  of  fluxes,  with  and  without  TSH,  must  await  in  vitro  studies 
in  which  sampling  at  frequent  time  intervals  is  pos.sible. 

Both  of  the  hypothe.ses  which  acceptably  explain  the  observed  data 
involve  the  a.s.sumption  of  enhancc'd  permeability  of  cell  membranes  to 
.sodium.  The  mechanism  for  this  enhancement  is  entirely  unknown.  Possi¬ 
bilities  include  activation  of  the  cellular  sodium-extrusion  pump  (pre.sum- 
ably  in  the  centrifugal  direction),  acceleration  of  passive  bidirectional  ion- 
transfer  nu'chanisms,  or  enhancement  of  the  transfer  of  sodium  in  the  form 
of  .salts  or  amino  acids  derived  from  thyroglobulin. 

The  rapidity  of  onset  of  the  observed  respon.ses  to  TSH  administration  is 
of  some  importance:  the  effect  on  water  content  b(*gin.s  in  20  minutes  and 
that  on  radiosodium  uptake  in  15  minutes  or  le.ss.  There  are  no  data  in  the 
literature  on  the  lat(9icy  of  various  thyroidal  respon.ses  to  intravenously 
administered  TSH  in  the  chick.  TSH  administered  by  other  routes  does  not 
induce  changes  in  various  criteria  of  thyroidal  response  until  latencies  of 
one  hour  or  more  (27,  28).  In  our  own  studies,  neither  P-^-  uptake,  nor  P^' 
uptake,  nor  the  release  of  thyroidal  radioiodine  into  the  plasma  is  initiated 
as  rapidly  as  is  the  increase*  in  radiosodium  uptake  (unpublished  observa¬ 
tions).  From  this  fact  and  from  the  very  low  threshold  dose  of  TSH  re¬ 
quired  to  elicit  the  radiosodium  response,  one  may  suggest  that  the  eff(*ct  of 
TSH  on  thyroidal  radio.sodium  uptake  is  in  some  way  an  indicator  of  the 
primary  action  of  the  hormone  on  its  target  gland. 

If  the  primary  action  of  TSH  wen*  an  activation  of  the  rate  of  proteoly.sis 
of  thyroglobulin  (23,  29),  the  accompanying  osmotic  and  electrochemical 
changes  might  well  initiate  secondary  changes  in  radiosodium  distribution, 
as  .sugg(*ste{l  by  Bakke  et  al.  to  explain  wate‘r  shifts  (11).  It  is  curious,  how- 
(*v(*r,  that  the  effect  on  radiosodium  uptake  is  easily  demonstrable  approxi¬ 
mately  25  minutes  before  an  efflux  of  iodinated  amino  acids  is  detectable  in 


I 


953 


\ovember,  1!)61  THYROIDAL  WATER  AND  ELKC'TROLYTES 

tho  blood  (unpul)lish(‘d  obs(‘rvation).  Tins  lack  of  simultaneity,  if  not 
simply  due  to  technical  factors,  could  be  explained  by  assuminjj;  that  prote¬ 
olysis  must  proceed  through  several  stages  before  amino  acids  actually 
appear  in  the  blood,  a  concept  for  which  then*  is  considerable  suggest iv(‘ 
evidence  from  enzymatic  studies  (ilO).  The  accumulation  of  water  noted  by 
Bakke  et  al.  to  occur  in  b(*ef  tliyroid  slices  in  response  to  very  small  amounts 
of  TSH  added  in  vitro  app(*ared  to  be  located  in  the  follicular  lumina,  as 
would  be  expected  if  it  wei’e  secondary  to  proteolysis.  However,  it  is  diffi¬ 
cult  to  compare  the  in  vitro  preparation  with  that  described  in  the  present 
study,  since  the  former  exlnl)ited  water-imbibition  only  after  a  prolongc'd 
latent  period. 

On  the  other  hand,  it  is  ecjually  possible  that  the  primary  action  of  TSH 
is  directed  toward  aspc'cts  of  thyroidal  m(*tabolism  (iuit{‘  distinct  from 
hormonogi'iiesis  or  thyroglobulin-lysis.  Freinkel  present (*d  evidence  that 
TSH  stimulates  oxygen  consumption  and  the  incorporation  of  P'*-  into 
phospliolipid  in  thyroid  slices  in  vitro,  with  t(*mporal  characteristics  sug- 
ge.sting  almost  instantaneous  onset  of  the  effects  (dl).  He  suggest<‘d  that 
TSH  might  primarily  stimulate  intermediary  meta))olism  of  thyroid  tissue, 
with  both  growth  and  enhanct'inent  of  hormonogenesis  following  second¬ 
arily.  Additional  evidence  for  this  concept  has  been  provided  by  the  demon- 
.stration  of  stimulation  of  pathways  of  glucose  metal)olism  in  vitro  by  TSH 
(32,  33).  In  the  light  of  this  hypothesis,  the  shifts  in  water  and  sodium 
demonstrat('d  in  the  pres<'nt  study  may  r(*sult  from  alterations  in  m(‘m- 
brane  permeability  which  in  turn  depend  on  an  enhancement  in  intracellu¬ 
lar  energy  production.  Such  a  sefiuence  would  be  expect(‘d  if  the  sodium- 
pump  were  activated,  since  the  integrity  of  this  mechanism  is  clearly 
dependent  on  cellular  energy  metabolism  (34).  As  mentioned  pn'viously, 
enhancement  by  TSH  of  the  extrusion  of  sodium  from  the  “iniu'r”  com¬ 
partments  of  the  thyroid  follicle  to  the  interstitium  is  a  process  quite  com¬ 
patible  with  our  observed  data. 

Finally,  TSH  might  primarily  alter  the  permeability  of  the  c(‘ll  mem- 
l)rane  and  perhaps  of  intracellular  structures  as  well,  an  action  in  line  with 
that  proposed  for  hormones  in  general  by  Hechter  (1).  The  resulting  rear¬ 
rangement  in  tlu*  local  concentrations  of  .sul)strates,  of  substrate-carriers 
and  of  enzymes  might  well  load  secondarily  to  the  stimulation  of  organic 
metabolism  noted  l\v  Freinkel,  Field  and  others.  According  to  this  conc('pt, 
the  accelerat(*d  flux  of  sodium  and  the  accumulation  of  water  observ(*d  in 
our  studies  would  simply  b(*  indicators  of  a  much  more  g(*neral  alteration  in 
permeability.  Under  current  investigation  is  the  possibility  of  alterations  in 
the  intrathyroidal  distribution  of  other  inorganic  and  organic  substances 
under  the  influence  of  TSH. 

The  effects  of  TSH  observ('d  after  four  hours  have  elapsed  are  quite 
different  from  the  earlier  results  of  hormonal  administration.  Tliere  is  no 
longer  any  acceleration  of  the  rate  of  entry  of  radiosodium  into  the  thyroid. 
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An  actual  fall  in  the  concentration  of  stable  sodium  has  occurred,  balanced 
by  an  increase  in  potassium,  while  the  water  concentration  has  reached  its 
maximal  increase.  By  four  hours  after  TSH  administration,  an  increase  in 
(•(‘llular  volume  and  a  discharge  of  colloid  an'  well  established  phenomena 
in  the  chick  (27).  The  observations  described  herein  are  quite  compatible 
with  an  enlargc'inent  of  the  potassium-rich  intracellular  space  and  a  de- 
crea.se  in  the  volume  of  the  sodium-rich  and  water-poor  intraluminal  space. 
An  exchange  of  potassium  for  sodium  is  implied,  but  further  studies  will  be 
lu'eded  to  analyze  this  point. 


Addendum 

After  this  paper  was  submitt(‘d,  we  b(*came  awan*  of  the  publication  by 
(ledda,  P.O.,  Acta  endocrinologica,  Suppl.  Xo.  oO,  .Jan.  1901.  He  reports 
that,  in  the  guinea  pig,  TSH  increases  the  wet  weight  and  potas.sium  con¬ 
centration  of  the  thyroid  in  2  hours.  Incn'a.se  in  sodium  concentration  and 
iron  content  in  2  hours  w('re  also  n'ported,  but  the  ob.s(*rved  changes  were 
not  significant  by  t-t(*st.  Xo  isotopic  .studies  were  report (‘d. 
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.YPI'ENDIX 

Estimation  of  Intraluminal  Coneentration  of  Eleetrolytes 
Symbols: 

(  )  =eoneentration  jier  unit  volume  (meq.  or  gm.  per  L.) 

(  1  =  eoneentration  per  unit  weight  (meq.  or  gm.  per  Kg.) 

!  (  =eoneentration  per  unit  weight  of  water  (meq.  or  gm.  jier  Kg.) 
AA’  =  weight  of  a  eomiiartment  (Kg.  per  Kg.  of  organ) 

Xa,  K,  HoO  without  hraekets  =  quantity  (meq.  or  gm.) 

Suhserijits:  I  =  interstitial  fluid 
C  =  eell.s 

L  =  luminal  eontents 
P  =  jilasma 
M'  =  thyroid 


Observations: 

[X'a]T  =111  meq.  Kg.  tliyroid 
[K]t  =  00  meq.,  Kg.  thyroid 
|HA))t  =  723  gm./ Kg.  thyroid 
(X'a)i>  =148  meq.  L.  plasma 
(K)p  =  5.2  me((.  L.  jdasma 
[H20]i>  =  942  gm.  Kg.  plasma 

.\ssumptions: 

(lihbs-Donnan  factor,  plasma-to-interstitial  fluid  =  0.95 
Density  of  plasma  =  1030  gm.  L. 

AV,  =0.15 

AA’c  =0.43  (Ref.  23) 
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\Vl  =0.42  (Ref.  23) 

|Na|c:=  69  nieq.  Kg-  "ater  (calculated  from  data  on  muscle  from  Table  7  and 
Reference  17) 

I  K  j(-  =125  meq.  Kg.  cell  water  (calculati'd  from  data  on  muscle  from  Table  7  ami 
Reference  17) 

[H2O]c  =  7()0  gm.  Kg.  thyroid  cells 
Calculations: 

A.  Intraluminal  sodium  content: 

(Na)p 

1)  [Na]p= - =  144  meq. /Kg. 

1.030 

lNa]p(0.95) 

2)  [Na]i  = - =  145  meq. /Kg. 

(0.942) 

3)  Xa,  =(Xa],(\V,) 

=  (145)  (0.15) 

=  21.8  meq. 

Xa<lH201cWc 

4)  Xac  = - 

1000 

(69)  (700)  (0.43) 

1000 
=  29.8  meq. 

5)  Xai.  =XaT  — Xai  —  Nile 

=  111-21.8-20.8 
=  68.4  meq. 

B.  Intraluminal  potassium  content: 

(K)p 

1)  [K]p= - =  5.0  meq.  Kg. 

1 .030 

(5.0)  (0.95) 

2)  [K]i  = — - =  5.1  meq. /Kg. 

0.942 

3)  Ki  =(5.1)(0.15)  =0.8  meii. 

4)  KV  =(125)(0.301)  =37.6  meq. 

5)  Kl  =Kt  — Ki  — Kc 

=  60-0.8-37.6 
=  21.6  meq. 

C.  I ntraluminal  water  content: 

1)  HiOi  =  150  gm. 

2)  H2a  =[H20]c(Wr) 

=  (700)  (0.43) 

=  301  gm. 

3)  HoO,,  =  H20T-H..Oi-H..Of. 

=  723-150-301 
=  272  gm. 
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D.  Intraluminal  sodium  and  potassium  concentrations: 


1)  INak 

Nat  6<S.4 

= - = - =  163  meq./ Kg.  luminal  contents. 

Wl  0.42 

2)  iNak 

1000  NaL  68,400 

= - = - =  251  meq. /Kg.  luminal  water. 

HoOl  272 

3)  [K]l 

Kl  21.6 

= - = - =  51.5  meq.  Kg.  luminal  contents. 

Wl  0.42 

4)  |K!l 

1000  Kl  21.600 

= - =  “  - =  79.4  meq./  Kg.  luminal  contents 

HoOl  272 

5)  I  Na  + K  I L  =  251 +79  =  330  meq.  Kg.  luminal  water. 

272 

6)  (H-01l  = - XI 000  =  048  Kin.  Kg.  luminal  contents. 

420 

Notes:  Of  the  many  assumptions  involved  in  the  above  estimates,  the  choice  of  the  values 
for  Wi,  Wc  and  Wl  is  the  most  important  in  terms  of  materially  changing  the  final  con¬ 
centrations.  From  the  histologic  observation  that  “stroma”  in  the  one-day-old  chick 
thyroid  is  almost  negligible  (27),  one  might  guess  that  Wi  may  be  even  smaller  than  0.15. 
On  the  other  hand  a  space  equal  to  20-25%  of  organ  weight  exchanges  rapidly  with 
radiosodium.  Furthermore,  intrathyroidal  plasma  volume  is  5.7%  of  organ  weight,  and 
interstitial  volume  is  often  about  three  times  an  organ’s  jjlasma  volume.  Hence  0.15 
seems  to  be  a  n-asonable  compromise.  If  a  lower  figure  is  taken  for  Wi,  and  the  ratio  of 
W'c  to  W  L  is  held  constant,  one  would  derive  a  lower  value  for  {Nai,+  Ki,j.  However, 
even  at  Wi=0,  |NaL+Ki,}  would  still  be  278  meq.  per  Kg.  of  luminal  water.  Values  of 
Wi  greater  than  0.15  would  lead  to  values  for  iNai.+  KL!  even  greater  than  the  esti¬ 
mated  one  of  330  meq.  per  Kg.  of  water. 

Lamberg  and  Olin-Lamberg  (28)  found  the  epithelial  volume  of  the  young  chick  thy¬ 
roid  to  be  higher  than  did  Wahllawg,  whose  figures  were  used  above  as  a  basis  for  choosing 
Wc  and  Wl.  H  we  hold  Wi  constant  at  0.15  and  set  Wc  equal  to  0.()8  (any  value  higher 
than  this  would  give  a  negative  figure  for  Kl).  then  |  Na  +  K  j  i,  would  rise  to  580  meq.  per 
Kg.  of  intraluminal  water. 

The  values  of  {  Najc,  |  K)c  and  IH2OIC  appear  reasonably  accurate  for  muscle  cells, 
since  they  are  based  both  on  our  own  figures  and  on  those  of  Harlow  and  Manerv  (17). 
There  was  excellent  agreement  between  the  two  sets  of  results.  'Po  apply  these  estimates 
to  thyroid  cells  is  obviously  hazardous,  but  the  water  concentration,  Na  K  ratio  and 
total  osmolar  concentration  all  ajjpear  to  be  reasonable  values  for  tissue  cells  of  immature 
animals.  To  refine  these  estimates  further  will  r(*quire  direct  analysis  of  the  contents  of 
thyroid  follicles. 


THH  KFFIXT  OF  TOTAL  AND  SUBTOTAL 
ADRi:XALF(TOMY  ON  THE  RENAL  AND 
EXTRA-RENAL  RESPONSE  OF  THE 
DOMESTIC’  DUCK  {AXAS  PLATY- 
RHYXCHI  S)  TO  SALINE 
LOADING^ 

J.  G.  PHILLIPS, 2  W.  N.  HOLMES  and  D.  Ci.  BUTLER 

Ih  pnrttmnt  of  Zoology,  rniversity  of  British  Columhin,  Vancouver,  Canada 
ABSTRAC'T 

Total  adronalcctoniy  of  tlic  saline  loaded  domestie  duck  resulted  in  complete 
obliteration  of  the  extra-renal  excretory  res])onse.  Subtotal  adrenalectomy 
resulteti  in  a  diminished  response  to  tin*  saline  load  compared  to  similarly  treated 
intact  control  birds.  The  maintenance  of  adrenalectomized  ducks  on  cortisol 
restored  the'  extra-renal  *'xcretory  i)attern  to  near  normal  levels. 

The  sif;nificance  of  this,  and  previous  investigations  of  the  extra-renal  process 
in  mariiH'  birds,  is  discusseil. 

Till]  (‘xtra-r(“nal  (‘xendion  by  marino  birds  of  orally  administt'rt'd  .so¬ 
dium  chloridt*  has  bt'cn  shown  to  b(‘  asso(*iat(*d  with  the  paired  supra¬ 
orbital  glands  which  discharge*  a  highly  concentrated  .solution  of  eh*ctro- 
lytes  into  the  anterior  na.sal  cavity  (1,2,  3,  4,  5). 

Recent  work  (o)  involving  the  .simultaneous  administration  of  certain 
adrenocortical  steroids  along  with  the  saline  load  indicated  an  enhance¬ 
ment  of  the  rate  and  quantity  of  nasal  di.scharge  from  domestic  ducks. 
Mon'over,  the  nasal  secretion  app(*ar(*d  to  be  independent  of  the  osmotic 
stimulus  in  the  pre.sencc*  of  these  exogenous  hormones. 

In  tlie  present  work  an  attempt  was  made  to  correlate  more  clo.sely  the 
dependence  of  the  extra-renal  excretory  mechanism  on  an  intact  and 
functioning  adn'iial  cortex.  To  this  end  the  effect  of  total  and  subtotal 
adr(*nalectomy  on  the  nasal  discharge  were  studied  under  exactly  the  same 
expc'rimental  conditions  as  those  employed  during  our  previous  investiga¬ 
tions  (.5). 

MATERIALS  AND  METHODS 

.Vll  birds  used  throughuut  those  experiments  wore  9- to  1 2-\veek-old  male  domestie 
ducks  of  the  Pekin  white  variety.  They  were  fed  daily  with  commercial  “duck  grower 
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food”  and  given  an  ad  libitum  supply  of  fresh  water.  The  ten  control  birds  and  each 
experimental  group  of  5  animals  were  starved  for  24  hours  before  use.  .\  wing  vein  was 
cannulated  and  the  bird  was  heparinized  hours  prior  to  the  commencement  of  the 
experiment.  .\  sheet  of  polyethylene  was  j)laced  under  the  cloacal  region  and  the  bird 
was  fastened  in  a  ventral  position  to  a  standard  “dog  board”  by  means  of  rubber  loops 
over  the  wings  and  legs.  The  sheet  was  i)ulled  down  to  form  a  funnel  in  the  centre  of  the 
“dog  board”  and  a  hole  was  cut  in  the  bottom  of  this  funnel  for  urine  collection. 

Saline  loading  was  by  means  of  a  flexible  plastic  tube  connected  to  a  syringe  ami  20 
ml.  of  20%  NaCl  (0S.97  m.ecj.  of  Na"*")  was  introduced  directly  into  the  glandular  stomach 
(proventriculus).  The  time  of  saline  loading  was  taken  to  be  zero  time  for  all  experiments. 

A  control  blood  sample  was  taken  from  the  wing  vein  prior  to  the  saline  loading  and, 
subsequent  to  loading,  samples  were  taken  at  \  hourly  intervals  for  the  first  hours  ami 
at  hourly  intervals  for  the  remaining  expcuimental  period.  The  blood  was  immediately 
centrifug(‘d  at  2°  C  and  5000  rpm  for  5  minutes.  Trine  samples  wen*  collected  and  meas¬ 
ured  at  20  minute  intervals  after  zero  time.  The  time  of  onset  of  nasal  secretion  was 
recorded  and  collections  were  made  over  45  minute  i)eriods  thereafter. 

Adnuialectomy  was  i)erformed  via  a  dorso-lateral  incision  between  the  second  and 
third  ribs.  Bilateral  adrenalectomy  was  doin'  in  two  stages  on  successive  days  and  the, 
birds  were  used  exiierimentally  0  to  12  hours  after  removal  of  the  second  gland.  Uni¬ 
lateral  adrenalectomy  was  jx'rforim'd  approximati'ly  12  hours  befori'  saline  loading. 
After  this  experimental  jieriod  the  unilaterally  adrenalectomized  birds  were  intra¬ 
muscularly  injected  with  10  mg.  of  cortisol  in  stabilized  suspi'iision,  and  the  second 
adrenal  gland  was  removed.  These  totally  adrenalectomized  ducks  wen*  then  maintained 
for  4  days  with  daily  intramuscular  injections  of  5  mg.  of  cortisol.  The  saline  loading  was 
then  repeated  with  these  birds  but  serial  blood  samples  were  not  taki'ii  during  this  ex¬ 
perimental  jieriod. 

.\t  autopsy  the  adri'iialectomized  birds  were  e.xamined  for  adrenal  tissue. 

•V  Zi'iss  PF  5  flame  photometer  was  used  for  all  sodium  and  potassium  estimations  of 
plasma,  urine  and  nasal  samples.  Electrolyte  values  weri'  exjiressed  in  milliequiv- 
alents/litre. 

RESULTS 

As  previously  reported  (5),  the  outstanding;  featun*  of  tlie  respon.se  by 
the  intact  duck  to  a  saline  load  was  an  initial  diuresis  during  the  first  hour 
followed  by  an  extra-renal  phase  of  .secretion.  This  extra-renal  phase 
commenc('d  almost  simultaiu'ously  with  the  ces.sation  of  diuresis. 

Renal  Phase:  Table  1 

The  mean  total  diuresis  by  the  control  birds  during  the  three  succe.ssive 
20  min.  collection  pi'iiods  was  ol.O  ±8.2  cc.  The  individual  volume  declined 
with  each  succe.ssive  sample  from  28.8  ±4.8  cc.  in  the  first  to  11.5  ±4.2  cc. 
in  the  third.  There  was  also  a  decline  in  the  sodium  ouput  in  these  .samples 
from  14.8  ±0.2  m.eq.  to  2.4  ±1.0  m.eq.  This  decline  was  disproportionate* 
to  the  reduction  in  volume  as  indicated  by  the  mean  .sodium  concentra¬ 
tions  of  these  samples  (088  ±70.4  vs  248  ±115.0  m.eq. /I.)  which  were  .sig¬ 
nificantly  different  fP  <.01).  Conversely  the  pota.ssium  concentrations  ap¬ 
peared  to  ri.se  from  18.0  ±2.8  m.eep  I.  in  the  first  sample  to  24.7  ±  12.2 
m.eq.  1.  in  the  tliird,  but  tins  change  was  not  statistically  significant. 

Unilateral  adrenalectomy  12  hours  prior  to  saline  loading  did  not  have 
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20-MIMTE  IRIXE  SAMPLES  FROM  TOTALLY 
AND  SIBTOTALL^  ADREN ALECTOMIZED  DOMESTIC  DICKS  SCBSEgi  ENT  TO  THE 
ADMIMSTRATIOX  OF  A  SALINE  LOAD 


Total  renal  output  in  m.eq  Urine  coneentration 

I  rine _  I  in  m.eq. /liter 


sample 

i  Volume 

1  in  ee. 

Xa- 

K+ 

Xa+:K* 

1  Xa^ 

K- 

Intact  Control 

1 

1  23.3 

.  ±4.8 

14.8 

±6.2 

0.27 

±0.02 

49.2 

±6.3 

633.0 

1  ±70.4 

13.6 

±2.8 

2 

17.1 
j  ±4.3 

±U8 

0.17 

±0.06 

52.1 

±9.2 

j  455 . 8 

1  ±34.8 

11.0 

±7.7 

3 

'  11.5 

j  ±4.2 

2.4 

±1.6 

0.27 

±0.23 

46.3 

±16.5 

248.0 

±115.6 

24.7 

±12.2 

Total 

51.9 

±3.2 

24.9 

±2.9 

0.71 

±0.23 

47.4 

±8.8 

482.2 

±24.1 

12.7 

±3.5 

Unilateral 

.\(lrenaleetomy 

1 

'  19.5 
±11.1 

11.8 

±3.9 

0.84 

±0.53 

16.42 

±5.6 

683.3 

±67.4 

38.9 

±5.4 

2 

23.0 

±5.8 

8.3 

±2.8 

0.28 

±0.07 

36.40 

±9.2 

339.6 

±48.1 

11.76 

±2.5 

3 

I  2* 

0.1 

0 . 20 

1  .54 

91  .7 

5i) .  5 

Total 

43.7 

±12.1 

20.2 

±5.9 

1  .32 
±0.52 

20.10 

±5.3 

398 . 5 
±69.2 

29.8 

±7.8 

Total 

.\(lrenaleetomy 

1 

22.9 

±8.5 

14.7 
±  (i .  5 

0.44 

±0.19 

32.27 

±8.2 

595 . 9 
±79.5 

32.3 

±14.4 

2 

25.8 

±0.8 

13.6 

±4.7 

0.33 

±0.12 

50 . 92 
±9.8 

505 . 6 
±52.1 

12.3 

±3.5 

3 

10.5 

±4.5 

3.6 

±1.5 

0.13 

±0.06 

37.63 

±16.4 

398.3 

±84.4 

8.7 

±1.2 

4+ 

23.1 

±9.6 

2.5 

±2.0 

0.18 

±0.08 

13.29 

±2.3 

65.7 

±15.8 

7.5 

±0.5 

_| 

Total 

82.3 

±4.8 

34.4 

±3.5 

1 .08 
±0.07 

32.82 

±4.5 

478.3 

±85.7 

16.7 

±4.2 

Total 

-Vdrenaleetomy 
+  Corti.sol  i 

1  : 

1 

37.1 

±12.9 

16.9 

±5.5 

0.43 

±0.15 

45.73 
±11.6  ' 

! 

564.0 

±184.7 

12.4 

±2.0 

i 

2  1 

8.1 

±4.4 

1  .6 
±0.5 

0.15 

±0.10 

27 . 57  ' 
±15.2  j 

221  .4 
±83.1 

14.7 

±3.8 

3  j 

— 

— 

— 

_  i 

_ 

1 

1 .8* 

0.2 

0.04 

i 

4.32 

95.6 

21  .0 

Total  : 

1 

47.0 

±9.4 

18.7 

±5.1 

0.62 

±0.02 

34.72 
±12.2  ! 

437.8 

±153.0 

14.8 

±2.6 

*  Only  one  urine  sample  from  one  animal. 
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any  ssignificant  pffoct  on  either  tlie  total  volume  of  urine  or  the  total  so¬ 
dium  and  potassium  excretcnl.  The  phase  of  diuresis,  however,  was  shorten' 
in  4  of  the  birds;  there  l)eing  a  third  urine  sample  in  only  one  duek. 

Total  adrenalectomy  considerably  exteiuhnl  the  period  of  diuresis  subs(‘- 
quent  to  saline  loading.  The  degree  of  extension  varienl  from  1  to  1  o  twenty- 
minute  urine  samples  with  a  mean  number  of  G.t)  samples  for  the  fivt‘ 
birds  in  the  group.  The  results  of  the  analysis  of  urine  samples  from  the 
fourth  collection  period  and  later  have  been  pooled  for  each  bird  and  are 
indicated  as  mean  values  of  .sample  “4-|-”  in  Table  1.  The  total  volume  of 
urine  excret(‘d  by  the  adrenalectomized  ducks  was  S‘2.3±4.S  cc.  which 
was  very  significantly  higher  than  the  control  value  of  ol.l)±d.2  cc. 
(P<.001).  Tlu*  total  sodium  ('xcr(*ted  was  34.4  ±d.o  m.(‘(i.  which  was 
higher  than  the  control  output  at  .somewhat  le.ss  than  the  10%  lev(*l  of 
.significance  (P<.l,>.0o).  Potassium  excri'tion  appc'arc'd  to  be  unchanged 
when  comparc'd  to  the  controls. 

Maintenance  of  the  adrenalectomized  birds  with  exogenous  cortisol  sig¬ 
nificantly  r(‘duced  the  volume  of  urine  excret('d  to  47.0  ±9.4  cc.  This  value 
was  significantly  lower  than  the  high  rate  of  diuresis  recorded  for  the 
adrenalectomized  birds  (P<.02,>.01)  but  did  not  differ  significantly  from 
the  controls  (P>.o).  Similarly  there  was  a  significant  renal  retention  of 
.sodium  since  the  total  output  was  18.7  ±o.l  m.eq.  compared  to  34.4  ±3.0 
m.eq.  aft(‘r  total  adrenalectomy  (P  <.0o,  >.02o).  This  total  sodium  out¬ 
put,  however,  did  not  vary  significantly  from  the  control  output  (P>.2). 
Xo  significant  effect  of  cortisol  could  be  demonstrated  with  respect  to 
potassium  excretion. 

Extra-renal  Phase:  Table  2,  Figure  1 

The  volume  of  nasal  secretion  collected  from  intact  control  birds  during 
the  first  45  minutes  after  the  on.set  was  1.58  ±0.42  cc.  and  rose  to  a  maxi¬ 
mum  value  of  4.95  ±0.50  cc.  during  the  third  collection  period  (90-135). 
The  subsequent  decline  in  output  resulted  in  a  complete  cessation  in  most 
animals  during  the  final  period  (4.50-495  min.).  The  .sodium  and  potassium 
concentrations  of  successive  nasal  .samples  did  not  vary  significantly  and 
the  total  volume  .secreted  (28.9  ±3.5  cc.)  contained  17.1  ±1.0  m.eq.  of 
.sodium  and  0.44  ±0.00  m.eq.  of  potassium.  The.se  mean  outputs  indicates! 
concentrations  of  sodium  and  potassium  in  the  nasal  discharge  of  002.0 
±13.9  and  17.3  ±0.5  m.eq./l.  respectively. 

During  the  first  45-minute  collection  period  the  unilaterally  adrenalecto¬ 
mized  ducks  showed  a  nasal  output  of  4.35  ±1.01  cc.  This  initial  output 
was  the  highe.st  for  any  collection  period  and  significantly  higher  than  the 
corre.sponding  control  value  (P  <.05,  >.02)  but  there  was  a  decline  in  out¬ 
put  after  the  first  45  minutes  resulting  in  complete  ee.s.sation  in  all  birds 
315  min.  after  loading.  The  mean  total  output  of  15.5  ±3.9  cc.  contained 
8.0  ±2.2  m.eq.  of  sodium  and  0.21  ±0.05  m.eq.  of  potassium.  All  these 
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Fig.  1.  Tlu*  nasal  secretion  of  intact,  unilaterally  adrcnalcctoinizi'd  an<l  totally 
a<ln'nalcctomiz(‘d  domestic  ducks  siibsciiucnt  to  saline  loading. 

valuo.s  were  significantly  lower  than  the  controls  (P<.0'),  <.01  and  <.02 
respectively)  ;  however,  the  conc(*ntrations  of  sodium  and  pota.ssium  weri' 
not  .significantly  different  from  the  controls. 

The  totally  adrenalectomiz(*d  animals  show(*d  a  complete*  inhihition  of 
extra-renal  activity  in  all  hut  one  bird.  This  bird  showed  a  transient  .secn*- 
tion,  which  could  not  be  measured,  270  minutes  after  loading  and  at 
autopsy  an  adr(*nocortical  n'lnnant  of  approximat(*ly  5  mg.  was  found. 


Table  2.  The  voi.i  me  and  electrolyte  co.mi’osition  ok  nasal  discharge  kro.m 

TOTALLY  AM)  SLBTOTALLY  ADREN ALECTOMIZEl)  DOMESTH’  DCI'KS  FOLLOWING 
A  SALINE  LOAD 


Total  Ontpnt  ' 

('oncentration 

weight. 

Kg. 

Volume, 

cos. 

lu.eq. 

ni.eq. 

Na'*':K+  ! 
ratio 

Na* 

iii.eq./ 

liter 

K  + 
iii.eq. 
liter 

\a*:K^ 

ratio 

Intact  Control 

2.54 

1  ±0.04 

28.9 

±3.5 

17.1 

±1.6 

0.44 

±0.06 

36.8 

±2.8 

602.6 

±13.9 

17.3 

±0.5 

36.8 

±3.9 

I'nilatoral  ADX 

I  2.44 

±0.05 

15.5* 

±3.9 

8.6** 

±2.2 

0.21* 

±0.05 

32.2 

±7.4 

571.3 

±25.0 

14.4* 

±1.2 

40.4 

±2.2 

Total  AUX 

!  2.38 

±0.(M 

ri>  . 

T 

Total  An.X+Cortisol 

2.44 

±0.05 

,  48.1 

1  ±11.4 

19.5 

±7.1 

0.63 

±0.17 

38.5 

±3.9 

:  486.9** 

±24.1 

13.09** 

±1.0 

38.5 

±3.9 

♦  P  <  .05  >  .01  with  respect  to  corresponding  control  value. 
*♦  P<.0I  with  respect  to  corresponding  control  value. 
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If  the  rosult.s  from  these  adrenalectomized  birds  were  considen'd  in  the  most 
unfavourable  manner  with  respect  to  the  control  birds  then  it  could  be 
stated  that  1  out  of  o  adrenalectomized  birds  showed  a  measurable  nasal 
secretion  wlien^as  10  out  of  10  control  birds  showed  measurable  nasal 
secn'tions.  By  ascribing  +ve  or  —  ve  values  to  the  animals  in  each  group, 
dependent  upon  whether  or  not  they  secret{'d,  the  Fisher  exact  prol)ability 
test  for  nonparametric  data  could  be  appli(*d  (0).  This  analysis  indicated 
a  very  high  degree  of  significant  difierence  between  the  adrenalectomizc'd 
and  control  birds  with  resp(‘ct  to  nasal  secretion  (P<.001). 

Maintenance  of  the  adrcmalectomizi'd  birds  with  cortisol  restored  tlu* 
(‘xtra-renal  response  and  although  tlu*  mean  vahu's  for  total  volume  and 
total  sodium  and  potassium  outputs  are  som(*what  higher  than  tlu'  control 
values  th(*y  an*  not  significantly  ditfen'iit  (P>.1,  >.7  and  >.3  respec- 


TaBI.K  3.  ThK  COMl’AKISON  (»K  SKRl'M  SODll  M  l.KVKLS  IN'  INTACT  AND  I  NILATKKAI.I.Y  AND 
TOTAI.I.Y  ADKKN  AI.KCTOMIZKD  DOMESTIC  DCCKS  AT  THE  ONSET  OK  XASAI.  SECRETION 


(ii'mip 

Time  of 
onset,  of 
nasal 
secretion 
mins. 

value 

Initial  rise 
in  serum 
Na’  m.eq./ 
lit(‘r/hr. 

..p- 

value 

Serum  Xa* 
at  ons(‘t  of 
nasal  secretion 
nuMp/liter 

“P” 

value 

Intact  Cuntrol 

52.8  +  11  .3 

— 

28.7  ±2.3 

— 

1 00 . 0  ±  2  .  .5 

— 

rnilateral  .\I)X 

lUi.()±'.l.4 

<  .001 

28.4  ±4.8 

>  .9 

170.2+3.4 

<  .05 

>  .02 

Total  ADX 

270* 

— 

32.8±3.3 

<  .3 
>  .2 

170.0 

Total  .\1)X  +C’ortisol 

30.2  ±14.8 

<  .3 
>  .2 

28.7±2.3t 

— 

1.55.7  ±3. 4t 

<  .3 
>  .2 

*  Only  one  bird  of  the  (jroiip  showed  any  nasal  secretion, 
t  Intact  control  serum  values  used  for  these  calculations. 


lively).  It  is  interesting  to  note,  howevt'r,  that  the  concentrations  of  sodium 
and  potassium  in  the  nasal  secretion  from  the.se  ducks  were  .significantly 
lower  than  the  concentrations  ob.served  in  the  intact  controls  and  the  uni¬ 
laterally  adrenalectomiz(‘d  birds  (P<.()1). 

Serum  changes:  Table  and  Figun*  2 

The  pre-loading  s(*rum  sodium  and  potassium  values  in  the  intact  and 
unilaterally  adr(‘nalectomiz(‘d  ducks  did  not  differ  (144.1  +0.9  and  3.43 
±0.07  m.eq./l.  vs  14o.()±2.2  and  3.79+0.17  m.eq./l.  of  sodium  and 
potassium  respectively)  although  Ifirds  which  had  been  totally  adrenalecto¬ 
mized  for  12  hours  showed  a  significantly  lower  value.  The  mean  pre- 
loading  serum  sodium  level  for  totally  adrenalectomized  birds  (138.0  +  1.7 
m.eq./l.)  was  significantly  lower  than  the  corre.sponding  control  value 
(P<.01).  The  initial  rise  in  .serum  sodium  after  saline  loading  did  not 
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Fk;.  2.  The  .serum  sodium  and  potassium  ehauKes  in  intact  anti  adrenalectomized 
domestic  ducks  subsequent  to  saline  loading. 

(lilfer  in  any  of  the  group.s;  liowever,  the  totally  adrenalectomized  bird.s 
.showed  some  lag  in  attaining  the  maximum  serum  sodium  levels  of  the 
unilaterally  adrenalectomized  and  intact  controls. 

The  serum  sodium  concentration  at  the  onset  of  nasal  secretion  in  the 
unilaterally  adrenalectomized  birds  was  170.2+3.4  m.eq.  1.  and  was 
significantly  higher  than  the  control  value  of  100.0  +2. .5  m.eq.  1.  (P  <.0.5). 
Although  statistical  analysis  was  not  po.ssible,  the  .sodium  level  at  on.set 
in  the  one  totally  adrenalectomized  bird  which  .secreted  was  even  higher 
(170.0  m.(‘q.  1.). 

Total  adn'iialectomy  did  not  appear  to  affect  the  preloading  level  of 
potassium  but  the  rise  in  .serum  pota.ssium  levels  after  loading  did  not 
occur  to  the  same  degree  or  so  rapidly  in  this  group  as  was  observed  in  the 
controls  and  unilaterally  adrenalectomized  birds. 

The  time  of  onset  of  nasal  secretion  was  considerably  delayed  in  the 
unilaterally  adrenalectomized  birds  (52.8  ±11.3  min.  vs  110.0+9.4  min.). 
This  delay  was  highly  .significant  (P<.001).  The  maintenance  of  adrenal- 
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ectomized  lairds  with  cortisol  reduced  this  time  to  30.2  ±  14.8  minutes 
which  was  not  significantly  different  from  the  control  value  (P>.3). 

DISCUSSION 

Recent  investigations  by  Holmes,  Phillips  and  Butler  (5)  have  shown 
that  in  the  normal  duck  given  a  hypertonic  saline  load  both  the  amount 
and  rate  of  secretion,  principally  of  sodium  chloride,  from  the  nasal  glands 
was  significantly  increased  by  the  simultaneous  administration  of  either 
cordsol,  cortexone,  aldosterone  or  mammalian  ACTII.  In  this  paper,  it 
has  been  demonstrated  that  bilateral  adrenalectomy  in  the  duck  abolished 
the  aliility  of  the  nasal  gland  to  respond  to  a  saline  load.  This  ability  could 
be  restored  in  the  adrenalectomized  duck  by  the  administration  of  cortisol. 
It  is  clear,  therefore,  that  one  essential  controlling  factor  of  nasal  .secretion, 
namely  the  adrenocorticosteroids,  must  be  added  to  those  involving  the 
nervous  system  (7,  8). 

Birds  which  normally  manifest  the  phenomenon  of  extra-renal  secretion 
in  response  to  a  salt  load  can  be  made  to  secrete  from  the  nasal  glands  by 
such  other  methods,  as  increasing  the  blood  osmolarity  through  intra- 
v'enous  infusion  of  sucrose  (3)  or  by  the  injection  of  certain  adrenocortico¬ 
steroids  without  the  addition  of  hypertonic  fluids  (5).  The  secretion  achieved 
by  the  latter  means  was,  however,  only  transient  and  it  is  concluded  that 
the  full  expression  of  the  response  was  dependent  on  the  increased  osmo¬ 
larity  of  the  blood  together  with  the  elevated  levels  of  circulating  adreno¬ 
corticosteroids.  This  introduces  the  concept  that  before  the  nasal  gland 
will  function  fully  the  required  threshold  values  must  be  exceeded  not  onlj’ 
for  the  degree  of  hypertonicity  of  the  blood  but  also  for  the  circulating 
amounts  of  corticosteroids.  Moreover,  it  is  clear  that  nasal  .secndion  can¬ 
not  occur  in  the  adrenalectomized  duck,  howev'er  elevated  might  be  the 
osmolarity  of  the  extra-cellular  fluid,  whilst  cortisol  administration  follow¬ 
ing  adrenalectomy  effectively  re-establishes  the  extra-renal  mechanism. 
Thus,  the  adrenocorticosteroids  have  a  direct  and  essential  action  on  the 
extra-renal  salt  glands.  Further,  the  delay  in  onset,  the  duration  and  the 
magnitude  of  the  extra-renal  respon.se  was  proportional  to  the  level  of 
circulating  adrenocorticosteroids  since  unilaterally  adrenalectomized  ducks, 
exhibiting  relative  adrenocortical  insufficiency,  showed  a  delayed  extra- 
renal  response  which  occurred  at  a  higher  blood  osmolarity  than  that  seen 
for  the  control  ducks.  Conversely,  simulated  hyperadrenocorticalism  (5) 
accelerated  the  onset  of  the  extra-renal  response  but  at  a  lower  value  for 
blood  osmolarity.  These  contrasting  conditions  implied  that  a  reciprocity 
existed  between  the  concentration  of  circulating  corticosteroids  and  the 
osmolarity  of  the  extra-cellular  fluid.  This  relationship  was  well  illustrated 
in  the  one  adrenalectomized  animal  which  was  found  at  autopsy  to  possess 
a  small  adrenal  remnant,  thus  manifesting  severe  adrenal  insufficiency. 
In  this  animal,  a  transient  secretion  from  the  nasal  glands  occurred  after 
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a  very  long  delay  and  with  the  higliest  concentration  of  serum  sodium 
recorded  in  these  and  previous  studies  (5). 

The  day-to-day  fluctuations  in  electrolyte  intake  of  laboratory  ducks 
and  marine  birds  on  similar  fresh  water  diets  are  well  within  the  capacity 
of  the  kidney  aloiu'  to  regulate  the  electrolyte  and  fluid  distrilnition  be¬ 
tween  the  various  compartments  of  the  body  (9),  Under  conditions  of 
saline  loading  in  the  duck  and  in  marine  birds  after  the  ingestion  of  sea 
water  there  is  a  dual  and  diphasic  response  (3,  5),  the  renal  phase  preceding 
and  b(*ing  of  shorter  duration  than  the  extra-renal  phase.  Thus,  in  the 
normal  physiology  of  a  marine  bird  it  would  follow  that  the  nasal  gland 
only  functions  fully  under  conditions  of  hypc'rosmolarity  with  attendant 
hyp(‘rsecretion  of  adrenocorticosteroids  and  under  these  conditions  alone 
the  normal  capacity  of  the  kidney  to  regulate  is  (*xceeded.  It  can  be  sup- 
pos(‘d,  thendon*,  that  the  experimental  addition  of  sodium  chloride  to 
ducks  mimics  a  normal  dilemma  of  tlu*  marine  bird  and  brought  into  play 
the  capacity  to  secn'te,  through  the  nasal  glands,  a  saline  solution  which 
was  thr(‘(*  to  four  times  more  concentrated  than  the  extra-cellular  fluid, 
thereby  maintaining  homeostasis  by  rev(‘rsing  the  trend  to  accumulate 
sodium  and  lose  water  from  the  body.  Hence  the  change  from  renal  to 
extra-renal  routes  of  excretion  in  the  saline  loaded  duck  is  a  dynamic  shift 
to  a  mon*  economical  method  of  restoring  homeostasis. 

The  ducks  investigated  hen*  and  by  Holmes,  Phillips  and  Butler  (5) 
show(*d  a  negative  water  balance  in  the  initial  period  after  the  administra¬ 
tion  of  a  saline  load,  but  later,  the  urine  formation  diminish(*d  and  finally 
ceased.  Thus,  the  renal  phase  waned  as  the  extra-renal  phase  became  domi¬ 
nant.  Whilst  undoubt(*dly  the  initial  water  loss  may  rest  on  the  osmotic 
demands  of  the  excr<*tion  of  excess  sodium  both  in  control  and  adrenal- 
ectomiz(‘d  animals  it  would  appear  likely  that  hormones  intervene  in  the 
determination  of  the  pattern  of  the  renal  phase.  One  .such  hormonal  factor 
may  well  be  vasotocin,  the  antidiuretic  hormone  (ADH)  known  to  occur  in 
birds  (10).  In  mammals  saline  administration  evokes  a  .secretion  of  ADH 
(11)  and  there  is  a  relationship  between  the  activities  of  the  adrenocortical 
hormones  and  the  antidiuretic  hormone  at  the  kidney  level  (12,  13).  It 
can,  therefore,  be  argued  that  the  saline  loading  of  control,  adrenalecto- 
mized  and  adrenalectomiz(‘d  ducks  receiving  cortisol  resulted  in  an  in¬ 
creased  ADH  secretion  with  cons(*(iuent  water  reabsorption  and  cessation 
of  urine  formation.  Concomitantly,  increasing  amounts  of  sodium  were 
reabsorbed  with  an  increasing  rate  of  adrenocorticosteroid  secretion  in  the 
control  ducks  and  the  injection  of  corti.sol  into  adrenalectomized  ducks 
mimicked  this  condition.  Thus,  the  pattern  of  renal  excretion  of  salt  and 
water  in  the  control  and  cortisol  injected  adrenalectomized  ducks  was  con- 
.sistent  with  adrenocortical  hypersecretion  combined  with  enhanced  ADH 
secH'tion  since  there  was  a  gradual  fall  with  time  in  sodium  ouput,  urine 
.sodium  concentration  and  volume  of  urine  produced.  On  the  other  hand, 
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in  the  adrenalectomized  ducks  there  was  a  marked  polyuria  with  enhanced 
sodium  loss.  However,  the  diminished  glomerular  filtration  rate  in  the 
absence  of  At'll  together  with  the  possible  increasing  .secretion  of  ADll 
consequent  on  an  elevat('d  blood  osmolality,  may  have  determined  the 
reabsorption  of  water  and  so  the  termination  of  urine  formation;  although 
the  time  during  which  urination  occurri'd  was  gri'atly  protract ('d  compar(‘d 
with  control  animals.  Cortisol  treatment  of  tlu*  adnmalectomizi'd  ducks 
given  a  .saline  load  restored  the  nuial  phase  to  normal  pn'sumably  by  in¬ 
creasing  the  glonu'rular  filtration  rate,  by  its  positive  action  as  a  diuretic 
agent,  by  enhancing  the  reabsorption  of  sodium  in  the  kidney  tubule  and 
by  restoring  the  .secretory  capacity  of  the  extra-renal  salt  glands. 

It  might  b(‘  argiK'd  that  the  differences  IxTween  tlu*  normal  and  adrmial- 
ectomized  ducks  in  their  handling  of  a  .saline  load  by  nxial  and  extra-renal 
mechanisms  could  be  account(*d  for,  on  tlu'  one  hand,  by  incrc'a.sixl  cortico- 
.st(‘roid  .secr(*tion  causing  (mhancixl  rcmal  .sodium  retention  and  th(*reby 
elevating  s(*rum  sodium  values,  whilst  on  tlie  otlu'r,  llu*  ab.scnci^  of  adri'iio- 
corticosteroids  in  the  adnmalectomized  animal  ri'sulted  in  renal  sodium 
loss  and  a  depre.ssion  of  the  serum  .sodium  vahu's.  llowevi'r,  obsc'rvations 
revealing  equivalent  .serum  sodium  values  in  both  normal  and  adrenalecto- 
miz(‘d  saline  loaded  animals,  despite  the  significantly  lower  values  in  the 
latter  prior  to  loading,  vitiates  this  approach  and  emphasizes  the  e.ssential 
role  of  the  adrenocorticostcu’oids  in  determining  the  pattern  of  the  di-phasic 
response. 

The  pix'dominant  adrenocortical  secndions  found  in  birds  are  cortico- 
.st(M-on(‘  and  aldosteroiU!  (14,  lo,  Ki).  If  the  secretory  pattern  is  similar  in 
the  duck,  tlum  on  getu'ral  grounds,  .saline  loading  would  b(*  exp(‘ct(‘d  to 
iidiibit  aldosterone  s(‘cr(‘tion  as  it  does  in  the  mammal  (17).  The  nasal 
gland,  how(*ver,  will  only  r(*spond  fully  wIk'U  elevatixl  levels  of  adnmo- 
corticosteroids  are  pr(‘s(mt  and  it  is  tlierc'fore  pn'sumed  that  the  gluco¬ 
corticoid  component  of  the  adnaiocortical  secndion  is  responsibh*.  The 
efficacy  of  cortisol  in  restoring  the  extra-nmal  phase  to  the  adrenalecto¬ 
mized  saline  loaded  duck  substantiates  this  conclusion.  Further,  corti.sol 
but  not  aldosterone  is  effective  in  causing  nasal  .secretion  to  occur  in  the 
normal  duck  in  the  absence  of  a  hypertonic  saline  load  (9).  The  factor 
H'sponsible  for  tlu^  elevated  levels  of  adrenocorticosteroids  may  well  be 
.VCTII  (5)  and  it  is  intere.sting  in  this  connection  that  other  workers  (10) 
have  found  that  the  injection  of  ACTII  into  various  gallinaceous  birds 
significantly  enhances  the  corticosterone  levels  found  in  the  adrenal  venous 
(‘ffluent. 

It  is  very  relevant  to  consider  that  if,  in  the  saline  loaded  duck  and  the 
marine  bird,  ingestion  of  hypertonic  fluids  leads  to  an  enhanced  secndion 
of  ADII,  then  this  factor  may  well  evoke  an  enhanced  .secretion  of  adreno¬ 
corticosteroids.  It  has  been  shown  in  mammals  that  saline  loading  stimu¬ 
lates  adrenocortical  activity  (18)  and  the  posterior  lobe  hormones  are 
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clearly  involved  (19,  20).  On  this  analogy  we  can  say  that  ADH  secretion 
either  brings  about  an  obligatory  release  of  ACTH  (18)  or  that  ADH 
stimulates  directly  the  biosynthetic  pathways  of  adrenocorticosteroido- 
g(*nesis  (20).  In  the  duck,  then,  one  or  both  of  these  mechanisms  may 
opt'iate  to  effect  an  enhanced  secretion  of  ACH,  thereby  overcoming  a 
threshold  value  to  cause  extra-renal  excretion  of  a  fluid  which  is  hyper¬ 
tonic  to  extra-cellular  fluids.  The  combined  effect  of  enhanced  ADH  and 
ACH  secretion  suppre.s.ses  the  kidney  so  that  urine  formation  ceases.  Th(* 
extra-renal  phase,  however,  p(*rsists  under  the  influence  of  ACH  until 
either  the  osmotic  “.stress”  is  removed  or  the  circulating  adrenocortico- 
.steroids  fall  below  the  threshold  level.  In  the  marine  bird  it  is  envisaged 
that  the  following  .sequence  of  events  occurs: — ingestion  of  sea  water,  ('le- 
vation  of  the  sodium  chloride  content  of  the  blood,  ri.se  in  the  level  of 
adrenocorticosteroids,  nasal  gland  secretion,  reduction  of  the  .sodium 
chloride  content  of  the  blood,  fall  in  the  level  of  circulating  adrenocortico¬ 
steroids  and  cessation  of  na.sal  gland  secretion. 

In  the  present  experiments  when  saline  was  given  acutely,  the  nasal 
gland  secretion  waned  and  in  some  cases  terminated  despite  high  osmolarity 
of  the  blood.  There  may,  then,  hav'e  been  excessive  stimulation  of  adrenal 
tissue  to  a  point  when  the  enhanced  biosynthesis  of  adrenocorticosteroids 
could  no  longer  be  maintained.  It  is  known,  for  example,  that  adreno¬ 
cortical  exhaqstion  can  be  produced  by  excessive  ACTH  stimulation  in 
the  capon  (14).  Such  a  .suggestion  is  supported  by  the  observations  on 
unilaterally  adrenalectomized  ducks,  when  the  decrease  in  adrenocortical 
tissue  and  secretion  is  reflected  by  a  marked  short (ming  of  the  period  during 
which  extra-renal  secretion  occurs. 

In  conclusion  we  suggest  that  adrenocorticosteroids  of  the  glucocorti¬ 
coid  typ('  are  essential  for  the  functioning  of  the  extra-renal  salt  glands  in 
the  duck  and  together  with  an  antidiuretic  hormone  determines  the  char- 
act(‘ristic  diphasic  response  to  hypertonic  saline  loads.  The.se  hormonal 
mechanisms  tog<‘ther  effectively  restore  homeostasis  by  causing  a  dy¬ 
namic  shift  from  the  renal  rout(‘  to  the  phy.siologically  more  economical 
extra-renal  route  of  excretion.  The  survival  value  of  these  mechanisms 
is  self-evident  and  is  especially  advantageous  to  marine  birds,  who  by 
virtue  of  their  ecological  niche  are  subjected  to  unusually  high  intakes  of 
sea  water  or  marine  invertebrates. 

The  exact  locus  of  action  of  the  adrenal  hormones  on  the  nasal  gland  is 
not  known  and  remains  the  subject  for  future  investigations.  The  recent 
report  of  the  Hokins  (21)  would,  however,  suggest  an  involvement  in  some 
stage  of  the  phosphatidic  acid  cycle. 
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ABSTRACT 

Tlie  neutral  steroids  formed  by  K<jn«4otropin-stimulated  human  ovaries 
incubated  with  labeled  progesterone,  androstenedione  and  cholesterol 
have  been  subjected  to  various  chemical  i)roeedures  aimed  towards  their 
purification  and  identification,  ('riteria  for  radiochemical  puritj'  were  pro¬ 
vided  for  androstenedione,  ITahydroxyprogesterone  and  testosterone  from 
l)rogesterone,  and  for  testosterone  from  androstenedione.  On  the  basis  of 
measurements  by  isoto|)ie  dilution,  the  comi)arative  yields  of  the  i)henolic  and 
neutral  steroids  from  these  and  ))reviously  reported  experiments  of  this  series 
have  been  estimateil.  The  (pialitative  and  quantitative  significance  of  these 
•  lata  are  dis(fiiss(‘d. 

THIS  n'port  concorn.s  a  continuation  of  in  I'ilro  .stu(li(*^^  ainuul  at  evalu¬ 
ating  both  the  quantitative  and  (lualitative  aspects  of  ovarian  estrogen 
biosynthesis.  By  stimulating  normal  human  ovaries  with  gonadotropin 
prior  to  their  surgical  removal,  a  bio.synthetic  system  capable  of  a  high  level 
of  estrogen  production  has  b(‘en  provided  ( 1-4).  An  intermediary  role  of  the 
A'-lLketosteroids  in  the  ovarian  synthesis  of  estrog(*n  from  acetate  and 
cholesterol  was  first  proposcul  by  Solomon  et  nl.  in  IBoO  (o)  on  the  basis  of 
experimental  (*vid(‘nce  then  available.  Studies  of  the  neutral  steroids  from 
the  C"  labell(*d  acetate  expcM’iment  of  the  present  .series  of  experiments  lent 
support  to  this  proposal,  since  radioactive  chole.sterol,  progesterone  (pr<‘gn- 
4-(‘ne-3,20-dione),  17ahydroxyprog(‘sterone  (17ahydroxypregn-4-(‘ne-3,20- 
dione)  and  androstenedione  (androst-4-{‘ne-:bl7-dione)  were  all  identifi(*d 
(ti)  as  well  as  estrone  and  estradiol  17/3  (1).  Of  particular  interest,  however, 
was  the  finding  of  radioactive  pregnenolone  (pregn-5-ene-3|8ol,20-one), 
1 7ahvdroxypregnenolon(‘  and  dehydroepiandrosterone  (androst-o-em*- 
3/3ol-17-one)  ((}).  Although  the  conversion  of  progesterom*  to  17ahydroxy- 
progesterone  and  androstenedione  by  ovarian  ti.ssiu*  had  been  previously 

Received  May  29.  1901. 
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(iomonst rated  (o),  and  extraction  of  ovarian  tissue  liad  revealed  the  pres¬ 
ence  of  endogenous  androstenedione  and  ITahydroxyprogesterone  (7,  S), 
the  possibility  of  a  second  pathway  of  ovarian  estrogen  biosynthesis, 
through  the  A"-:i/3ol  neutral  steroids,  had  not  previously  had  any  experi¬ 
mental  basis.  Flirt herinoH',  in  none  of  the  studies  on  ovarian  neutral  ster¬ 
oids  (o-S)  was  testosteroiK'  ( IT/Shydroxyandrost-d-en-.'l-oiu*)  idmitified. 
This  has  only  recently  been  accomplished  in  studies  with  normal  human 
ovarian  tissue  incubated  with  tritiated  progesterone  and  labelh'd 
ITahydroxy progesterone  (9). 

The  present  communication  ri'ports  the  findings  in  the  lU'utral  fractions 
from  the  labeled  progesterone,  androsteiu'dione  and  choh'sterol  expm-i- 
ments  of  this  series,  including  the  demonstration  of  the  formation  of  testo¬ 
sterone  from  progesteron(‘-4-C'^  and  from  androsten('dion('-4-C'b  In  addi¬ 
tion,  the  (piantitative  relationships  of  the  phenolic  and  muitral  steroids 
isolated  from  .4  separate  ovaries  incubated  with  4  different  radioactive' 
precursors  have  been  tabulated  and  provide  a  basis  for  current  concepts  of 
the  steps  involved  in  estrogen  formation. 

MATERIAL  AM)  METHODS 

The  ovaries  for  these  experiments  were  obtained  at  surgery  from  thre('  normally 
menstruating  women  who  hgd  been  tn'ated  ])re-oiieratively  with  gonadotropic  i)r(‘i)ara- 
tions.  In  each  case  the  follicular  cyst  linings  from  the  enlarged,  polycystic  ovaries  were 
either  minced  or  homogenized  in  Krebs’  idiosphosaline  buffer  at  pH  7.4  for  incubation 
with  a  labeled  substrate.  Details  of  the  procc'dures  us('d  for  tissue  preparation  and 
incubation  have  been  previously  jin'sented  in  tlu'  rc|)orts  on  the  estrogens  isolated  from 
these  same  experiments  (1-4). 

Mrs.  R.  (F.H.W.  Path.  #S-0()-H()7())  luul  received  195  mg.  of  purified  ovine  Follicle 
Stimulating  Hormone  (F.S.H.,  National  Institutes  of  Health)  over  a  9  day  pc-riod  just 
prior  to  surgery.  The  minced  follicular  cyst  linings  from  one-half  of  one  ovary  (  +  2  gm.  of 
tissue)  were  incubated  with  2.12X10'’  c.p.m.  of  progesteronc-4-(''^  (30.7  New 

England  Nuclear  C’orp.)  that  had  been  previously  i)urifi('<l  on  a  C’elite  column. 

Mrs.  B.H.  (F.H.W.  Path.  #S-01 -00740)  had  r('ceiv(‘d  9.50  mg.  equivalents  of  Armour 
Standard  F.S.H.  (,\rmour  Pharmaceutical  Co.)  over  a  19-day  period  just  before  oju'ra- 
tion,  plus  20,000  I.C.  of  human  chorionic  gonadotroj)in  (Follutein,  E.R.  Scpiibb  &  Sons) 
during  the  last  4  days.  An  homogenate  of  the  follicular  cyst  linings  from  both  ovaries 
(11.2  gm.  of  tissue)  was  incubated  with  l.dOXHP  c.]).m.  of  androstenedione-4-C'^  (7.0 
Mc  'mg.,  New  England  Nuclear  Corp.)  that  had  been  previously  i)urifi('d  on  a  Celite 
column. 

Mrs.  M.F.  (F.H.W.  Path.  #S-00-37.54)  was  tn'ated  with  175  mg.  of  ovine  F.S.H. 
(National  Institutes  of  Health)  over  a  9-day  period  just  before  laparotomy.  'Phe  minced 
follicular  cyst  linings  from  both  ovaries  (1.97  gm.  of  tissue)  were  incubated  with  1 .40X  lO” 
c.p.m.  of  cholesterol-4-C*^  (37.7  fxc  4ng.,  New  England  Nuclear  (’orp.).  control  exi)eri- 
ment  with  the  same  amount  of  this  same  preparation  of  labeled  cholesterol  was  run 
simultaneously  throughout  the  processing  of  the  incubated  mixture,  in  order  to  eliminate 
the  possibility  of  interferring  contaminants. 

The  methods  used  for  the  extraction  of  the  incubation  mixture  and  fractionation  of 
steroids,  for  the  measurement  of  radioactivity  and  the  quantitative  assay  of  carriers,  for 
Celite.  column  chromatography,  further  purification  by  irajier  chromatography,  and  for 
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the  formation  of  derivatives  by  both  chemical  and  enz5’matic  conversion  have  been 
previously  described  (1-3,  6). 


RESULTS 

A.  Xeutral  steroids  from  Progesterone-4-C'*. 

Initial  extraction  and  fractionation.  The  incubation  mixture  was  extracted 
succt'ssively  with  small  portions  of  hot  ethanol  to  a  total  of  8  volumes  and 
hot  acetone  to  a  total  of  20  volumes.  The  alcohol-acetone-aqueous  mixture, 
after  filtration,  was  evaporated  under  reduced  pressure  to  o  ml.  and  ex¬ 
tracted  8  times  with  80  ml.  of  chloroform.  The  chloroform  extract,  con¬ 
taining  l.OoXlO®  c.p.m.  (92%  of  the  starting  material),  was  evaporated, 
partitioned  between  pentane  and  90%  methanol,  and  the  methanol  solu¬ 
ble  material  separated  into  “estriol,”  “estrone-estradiol”  and  “neutral” 
fractions  as  previously  described  (1).  Total  recovery  at  this  point  was 
1.75X10'’’  c.p.m.  in  the  “neutral”  fraction.  Results  on  the  phenolic  fractions 
have  already  been  reported  (2).  The  neutral  fraction  was  sulqected  to  a 
(lirard  separation  with  the  recovery  of  70%  of  the  radioactivity  in  the 
ketonic  fraction  and  1.1%  in  the  non-ketonic.  Low  recovery  was  due  to 
technical  difficulties  with  emultions,  resulting  in  loss  of  ketonic  material. 

I*nrifiratio)i  of  ketonic  tieatral  steroids  on  a  Celite  cohann.  Figure  1.  To  the 
ketonic  fraction  (910,200  c.p.m.)  the  following  carrier  steroids  were  add(*d; 
200. S  jug  of  progesterone,  208.5  /xg  of  androstenedione  and  209.4  jug  of 
17ahydroxyprogesterone.  It  was  then  applied  to  a  10X205  mm.  Celite 
gradient  elution  column.  After  99  tubes  of  one-tenth  column  volume  each 
had  been  collect(  d,  a  gradient  of  ethylene  dichloride  was  applied.  The  last 
80  tubes  before  the  gradient  showed  only  a  gradual  diminution  of  radio¬ 
activity  to  around  700  c.p.m.  per  tube,  and  have  been  omitted  from 
Figure  1.  The  first  six  column  volumes  of  gradient  (tubes  101  through  118) 
were  cut  at  one-half  column  volume  per  tube.  Thereafter  the  cuts  were 
made  at  one-tenth  column  volume.  After  102  tubes  of  this  gradient  had 
been  collected  a  second  gradient  of  ethylene  dichloride: methanol  (1 : 1)  was 
appli(‘d  and  another  45  tubes  of  one-half  column  volume  each  collected. 
This  second  gradient  and  the  last  80  tubes  of  the  first  gradient  contained 
only  minor  peaks  of  radioactivity  and  are  not  shown  in  Figure  1.  Alternate 
tubes  from  the  column  were  counted  and  in  the  areas  of  concentration  of 
radioactivity  every  tube  was  counted  and  carrier  steroids  assayed  by 
ultraviolet  absorption.  Of  the  applied  radioactivity  98.5%  was  recovered. 
The  recovery  of  the  three  carrier  steroids  was  97.5  to  100.7%.  The  tubes 
encompassing  p(‘aks  of  radioactivity  were  pooled,  as  indicated  in  Figure  1, 
for  further  processing.  Those  corresponding  to  the  carrier  steroids  andro¬ 
stenedione  ami  17ahydroxyprogesterone,  pools  8  and  4  respectively,  were 
further  purifi{‘d  as  will  be  described  below.  Pool  2,  which  corresponded  to 
the  carrier  steroid  progesterone,  contained  25.6%  of  the  radioactivity 
applied  to  the  column  and  11%  of  the  progesterone-4-C‘^  added  to  the 
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Fig.  1.  Cdite  gradient  elution  chromatography  of  the  neutral,  ketonie  tsteroidn  from  the 
incubation  of  a  human  ovary  with  progesterone-4-C'\  Tlu*  stationary  pliase  was  90% 
methanol,  the  mobile  phase  was  trimethylpontane  ami  the  j^radient  was  ethylene  diehlor- 
i  le.  The  cuts  were  made  at  one-tenth  column  volume  per  tube  except  for  the  first  13 
tubes  of  the  f?radient,  in  each  of  which  one-half  column  volume  was  collected.  Distribu¬ 
tion  of  carrier  steroids  and  radioactivity  is  shown  in  the  figure.  Individual  tubes  were 
pooled  as  indicated  and  i)rocessed  separately  as  describial  in  the  text. 

ti.s.sue  preparation  tor  incubation.  Pool  1,  2  and  o,  wliicli  did  not  correspond 
to  the  carriers,  liave  been  set  aside  for  future  attempts  at  identification. 

Purification  of  Androstenedione  from  Progesterone- Table  1.  In  tin* 
nine  tubes  from  tlie  androstenedione  .section  of  the  Celite  column  tliat  were 
t:iken  for  purification  (Fifj;.  1,  pool  R),  the  spi'cific  activity  was  472  ±11 
c.p.m.  /as  with  a  clii-s(iuare  of  2.03  and  a  p  value  of  0.09.  This  pool  was  run 
succe.ssively  through  three  systems  of  papi'r  chromatography,  analyzing 
the  eluted  androstcau'dione  sections  for  radioactivity  and  carric'r.  In  (‘ach 
case  the  radioactivity  ran  with  the  carriiu-  and  th(*r('  was  litth*  chang(‘  in 
specific  activity.  Tlu*  eluti'd  androstiaiedione  si'ction  from  tlu*  third  papi'r 
chromatograph  was  incubated  with  a  placental  (Mizyme  systiun  wliich 
converts  androsteiu'dione  to  estrone  with  a  high  degree  of  spi^cificity  (10). 
The  incubation  mixture  was  extracted  with  chloroform  and  tlu*  (‘strogiui 
metabolites  purified  by  phenolic  separation,  methylation,  hydrogiui  piuox- 
ide  treatment  with  NaOH  :petroleum  ether  partition,  and  chromatography 
on  an  alumina  column.  These  steps  involved  a  considerable  loss  of  radio¬ 
activity,  but  the  estrone  methyl  ether  fraction-  from  th(*  alumina  column 
had  the  same  specific  activity  as  that  of  the  starting  androstiaiedioiu*,  thus 

*  .\11  values  for  conjugated  steroids  are  expressed  in  terms  of  the  free  compounds. 
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TaHI.K  1.  I’l  KIUCATION  <»K  KAUIOACTIVK  AM>KI)STENEI)I<»\E  FKOM  I>H()<!ESTEKl>NE-4-('‘^ 
AM>  <-ONVEKSI()\  (IK  THE  ANDROSTEN  ElUOXE  TO  ESTRONE 


Purification  .xteps 
(sueeesfiive) 

Hiielio- 

aetivity, 

e.ir.ni. 

Carrie*!’ 

stereiiel, 

MS? 

Spe*e*ifie* 

ae*tivity, 

e.i).in./MH 

('elite*  eoluniii  (t(  lub(*sl 

.5.5,800 

472  ± lit 

I'lipi  r  rhromiiloiirupli !/ 

I.i^roiii:  rolu(*ne  (2:1),  70',  iu<*thanol 

41 ,300 

80.9 

47.5 

l.i^roiii  '.Ki' ,  in(*thanol 

29,1.50 

70.1 

410 

l.icroin  l’ropyl(*ii(*  {{lyeol 

23,100 

.53.2 

434 

t iicutxiliit  irilh  phicentiil  tnzijinc,  extract  nnsai/etl  for 
esirorr 

Crude*  e*xtraet 

1 5 ,  ().50 

♦ 

lMie*ne)lie*  frae-tieen 

12,8.50 

* 

Me'tbylatieiii  aiiel  Xa()H:pe*tre)k*uin  e*tlie*r  |)artitie)n 

(),7(>0 

.e. 

.Muiuiiia  e-lire)inate);{rai)hy 

4,900 

10.0 

408 

I'arritr  estrone  uuthijl  ether  aildeil 

e.p.in. 

niK 

e.p.in. /mg 

I’eeeel  a.*i.>‘ay 

4,200 

9.00 

407 

l.'t  e*rystallizatie)ii  e*rystals 

3,. 500 

7.00 

401 

,ine)the*r  lieiueir 

700 

1  ..50 

407 

2iiel  erytetallizatieui  ery.>itals 

2,900 

0 . 2.5 

404 

iue)tlie*r  lieple)!' 

0.50 

1  .42 

4.58 

*  Fluon'sccncc  could  not  l)c  iiK'asurcd  because  of  queuchint;  |)lienoinenun. 
t  Avt‘.  ±S.l).  of  9  tul)es  tluit  made  up  th<“  pool.  The  e.p.in.  recorded  =suni  of  tube*  assays. 


provitlin}^  adtHtioiial  <*vi(l(*iK*(*  for  radiochomical  identity.  Heery.stallizt'd 
estrone  mt'thyl  ether  (in.p.  171-172^  C)  was  addt'd  to  the  estrone  fraction 
from  the  alumina  eolumn  and  two  suee(*ssiv(‘  crystallizations  from  benzene: 
('thanol  earrit'd  out,  assaying  both  the  crystals  and  mother  liquor  for 
radioactivity  and  fluoresetmet*.  The  results  revealed  a  constant  spt'cific 
activity  which  did  not  differ  from  the  spc'cific  activity  of  the  9  tubes  pooled 
for  purification  from  the  androstemalione  s(‘C(ion  from  the  Celite  column 
(pool  Fig.  1). 

It  s(‘(“ms  .safe  to  assume,  thendon',  that  the  oo,.S()0  c.p.m.  of  radioactivity 
of  this  pool  repre.sented  es.sentially  pure  androstenediom*.' If  this  figure  is 
corr(‘ct(‘d  for  the  29%  loss  of  ketonic  material  in  tin*  (lirard  separation 
b(‘for(‘  applying  the  (‘xtraet  to  the  Celite  column  (v.s.),  the  amount  of 
androstenedione  fornu'd  from  th(‘  incubated  prog(*sterone-4-C‘^  may  b(‘ 
(‘stimated  at  approximately  7S,()00  c.p.m.,  or  •4.7%  of  the  starting  material. 

Purification  of  17 ah ijdroxy progesterone  from  Progestcrone-4-C^^.  Table  2. 
Th(‘  17a:hydroxyprogest(‘rone  .section  from  the  Celite  column  was  divided 
into  4  parts  in  orthu-  to  take  advantage*  of  any  .slight  separation  of  17ahy- 
droxyprog(*.sterone  from  testosterone,  if  pre.sent.  The  4  pe'ak  tubes  of  this 
.section  (pool  4-B,  Fig.  1)  w(‘re  pool(*d  for  purification  of  17ahydroxypro- 
ge'sterone.  The  .specific  activity  of  the  pool  a.s.say  agreed  with  that  of  the 
peak  tube.  After  one  paper  purification  the  eluted  17ahydroxyproge.sterone 
section  was  acetylat(‘d  and  run  on  another  system  of  pap(*r  chromatog- 
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rapliy  against  a  t(*stost(‘ron(*  a(*(‘tat(‘  standard.  The  hnlk  of  tlu*  radio¬ 
activity  (()S%  of  the  total)  rcmain(*d  in  the  ITaliydroxyprogcstc'ronc  .sec¬ 
tion,  blit  a  si'cond  concentration  of  counts  (less  than  0.1%  of  tlie  total)  was 
observed  in  the  testosterone  acetate  section  and  was  set  aside  for  further 
study  (.see  below).  A  third  papi'r  purification  of  tiu'  elutiul  ITahydroxypro- 
gesterone  .si'ction  gave  good  recovery  of  radioactivity  with  no  changi'  in 
specific  activity.  The  pool  was  next  subji'cti'd  to  chromic  acid  oxidation  and 
run  on  a  paper  chromatograph  against  an  androsteiu'dione  standard. 
Conversion  to  a  compound  of  the  same  polarity  as  androstenedione,  again 
with  no  change  in  specific  activity,  provided  further  evidence  for  its  radio¬ 
chemical  identity.  The  eluted  androstiMKHlione  section,  when  incubated 
with  a  placental  enzyme  .system  that  converts  androstenedione  to  (‘strone, 
was  analyzed  for  estrone  before  and  afti'r  purification  by  methylation  and 
column  chromatography;  again  with  no  change  in  spi'cific  activity  from 
that  of  the  “peak”  17ahydroxyprog<‘sterone  pool  from  the  Celiti*  column. 

It  may  be  a.ssumi'd,  th(*refore,  that  the  220,000  c.p.m.  of  pool  4-B  (which 
amount(“d  to  7S%  of  the  total  17ahydroxyprogesteron(‘  section)  repre- 
senti'd  e.s.s(*utially  pure  17ahydroxyprogesterone.  On  this  basis,  and  corri'ct- 
ing  for  the  20%  loss  of  ketonic  material  in  the  initial  processing,  tlu*  amount 
of  17ahydroxyprogesteron(‘  formed  from  the  incubated  progesteroiU'-d-C*^ 
may  be  estimati'd  at  approximately  814,000  c.p.m.,  or  14.8%  of  the  starting 
material. 

Purification  of  Testosterone  from  Progesterone-Ji-CP.  T  able  3.  hiach  of  thi'  8 


TaBI.K  2.  Pl  RIFICATION  OF  RADIOACTIVE  17a-IIYDROXYI’RO(iESTERO\E  FROM  I'ROOES- 
terone-4-C‘^,  oxidation  of  the  17  hydroxyi’Rooesterone  to  axdro.stenedione, 

AND  CONVFIRSION  OF  THE  ANDROSTENEDIONF;  TO  FISTRONE 


Purification  steps 
(successive') 

Radio¬ 

activity, 

c.p.m. 

Carrier 

steruid, 

MK 

Specific 
activity, 
c.p.m. /ms 

Celite  column  (4  tubes) 

Peak  tube 

220,  ()()() 
08,340 

57 . 5 

1188 

Pool  assay 

2 15,. 500 

173 

124(i 

Pa  per  ch  roinaloi/ra  ph  // 

lii^roin: Toluene  (2:1)/70C;  methanol 

100,400 

1.52 

1114 

Aceti/lalion  anti  paper  chronialntiraphu 

Li)iroin/9()';  methanol 

100,200 

* 

Toluene/7.5'  i  methanol 

100,100 

83,4 

1200 

C/Oa  oxidation,  analysis  for  androstenedione  Paper 
ehroniatoyra  ph  y 

I.inroin methanol 

00,100 

53 . 5 

1237 

Incubated  with  placental  enzyme,  extract  assayed  for 
estrone 

Phenolic  fraction 

44 , 720 

.35.2 

1270 

Methylation  and  NaOHipetroleum  e'ther  jiarti- 
tion 

38,180 

.\lumina  chromatography 

33,000 

20.0 

1203 

*  Contaminant  interlVriMl  with  assay  of  carrier. 
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pools  from  the  ITaliydroxyprogost crone  section  from  th(‘  Celite  columns 
(pools  4-A,  B  and  C,  Fi".  1)  were  acetylated  separately  and  run  on  pa  pen- 
chromatographs  against  ITahydroxyprogest crone  and  testosterone  acetate 
standards.  Sections  corresponding  to  the  standards  and  (‘(piidistant  sec¬ 
tions  al)ov(*  and  Ix'low  wen*  cut  for  elution  and  assay.  In  the  “pc*ak”  pool 
(4-B),  as  r(*ported  above,  l(‘ss  than  0.1%  applied  radioactivity  was 

concentrat(*d  in  the  testosterone  acetate*  section.  This,  how(*v(*r,  when 
r(*chromatograph(*d  in  the*  same  syst(*m  of  paper  chromatography,  gave* 
.*)S%  re*e*e)ve*ry  in  the*  te*stost crone  ace*tate*  section  anel  no  other  e*once*ntra- 
tieen  of  e*punts  on  the*  pape*r.  In  pool  4-C,  the*  more*  polar  sectiem  from  the* 
C'elite*  cedumn,  the*re*  was  no  concentration  of  counts  that  corre*sponele*d  to 
te*stoste*rone*  ace*tate,  the  only  pe*ak  of  raelioactivity  being  in  the  se*ctie)n 
which  ce)ntaine*el  the*  unchange*el  17ahyelroxyproge'ste*rone*  carrie*r.  In  pool 
4-.\,  howe*ve*r,  a  marke*el  cone*e*ntration  of  raelie)activity  appe*are*el  in  the*  te*s- 
toste*rone*  ae*e*tate*  se*ction  ameninting  to  ove*r  10%  e)f  the  raelie)activity 
applie*el.  The*  only  other  concentration  eif  counts  was  in  the  17ahyelre)xy- 
pre)ge*ste*rone  se'ction  where*  42%  of  tlie  raelioactivity  applie*el  to  the*  pape*r 
was  re*cove*re*el. 

The*  e*lute*el  te*stoste*rone  ace*tate  sections  from  the  paper  chromatograms 
of  pools  4-.\  anel  B(3.‘I10  c.p.m.)  were*  combine*el  anel  te^stosterone  acetate 
carrier  aelele*el.^  After  incubation  with  a  placental  enzyme  system  known  to 
hyelrolyze  te'stosterone  ace*tate*®  anel  to  convert  te*stosterone  to  e*strone  with 
a  high  ele*gre*e*  ejf  specificity  (10),  the  phenolic  fraction  of  the  incubation 
mixture*  was  purifie*el,  as  ele*scribe*el  above,  and  assaye*d  for  estrone  in  the* 
form  of  e*strone  me*thyl  ether.  There*  was  a  20%  elrop  in  spe*cific  activity 
when  the  phenolic  fractie)n  was  assaye*el,  but  no  further  change  throughenit 
the*se  purification  proe*e*elure*s.  Ke*crystallize*el  estrone  methyl  ether  (m.p. 
171-172°  C)  was  aelele*el  anel  thre*e*  succe*ssive  crystallizations  from  benzene*: 
ethanol  carrieel  emt,  assaying  both  crystals  and  mother  lieiuor  for  fluore's- 
cence*  anel  raeliejactivity.  The*  spe*cific  activity  of  the*  three  batchers  of  crys¬ 
tals  anel  of  the  thirel  mother  lieiuor  eliel  not  elitfer  from  that  eif  the  pool  assay 
befem*  cry.stallizatiem. 

.\fte*r  the  initial  aelelitieen  of  e*arrie*r  to  the*  ddlO  c.p.m.  e)f  the  original 
te*ste)ste*re)ne*  ae*e*tate*  pe)e)l,  the*re*fore*,  there*  was  a  total  change*  in  spee*ific 
ae*tivity  inelicating  that  74%  e)f  this,  or  24')()  c.p.m.,  repre*se*nte*el  e*sse*ntially 
pure*  te*ste)ste*re)ne*.-  Known  losse*s  prior  to  the*  aelelition  of  e*arrie*r  woulel 
corre*e*t  this  figure*  to  :I7’)0  c.p.m.,  inelicating  that  approximately  0.2%  e)f 
the  proge*ste*re)ne*-4-C'^  was  conve*rte*el  to  te*stoste*rone*  by  incubation  with 
ovarian  tissue*. 

B.  Xeutral  Steroids  from  Androstenedione-4-(’'^ 

Initial  extraction  and  fractionation.  The  incubation  mixture  was  e*x- 
tractexl  3  times  with  0  volume\s  of  chloroform  anel  the  residue  (tissue  anel 


Unpublished  observations. 
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Tabi.e  3.  Purification  of  radioactive  testosterijne  from  prooesterone-I-CJ'^*, 

AND  CONVERSION  OF  THE  TESTOSTERONE  TO  ESTRONE 


PurifiPiition  steps 
(successive) 

Radio- 

aetivity, 

c.p.m. 

('arrier 

steroid, 

Spcific 
activity, 
c.p.m. /ms 

Celite  column  (17  liydroxyprogesteroiie  section) 
Pool  4  .\  (3  tubes) 

Pool  4  B  (4  tubes) 

Pool  4  C  (()  tubes) 

21  ,900 
215,500 
40,430 

Acetylation  and  paper  chromatography ;  analysis  for 

Testosterone  acetate 

Li}iroin/9(>d  methanol 

Pool  4  A 

Pool  4  B 

Pool  4  C 

2,410 

1 ,030 

0 

.4  and  li  from  above  combined  and  carrier  Testo¬ 
sterone  Acetate  added 

Pool  assay 

3,310 

80.8 

38.1 

Incubated  with  placental  enzyme,  extract  assayed  for 
estrone 

Phenolic  fraction 

1  ,700 

00.8 

28.0 

Methvlation  and  NaOH-petroleum  etluT  parti- 

tion 

1  ,470 

52 . 7 

27.9 

.\lumina  chromatography 

1 ,140 

40.0 

28.1 

Carrier  estrone  methyl  ether  added 

C.p.m. 

lUK 

c.p.m. /ms 

Pool  assay 

950 

4 . 07 

203 

('rvstallization 

ist  crvstals 

830 

4.00 

207 

2nd  crvstals 

730 

3.58 

204 

3rd  crystals 

410 

1  .90 

21ti 

1st  mother  liipior 

1.50 

0.02 

242 

2nd  mother  liipior 

91 

0 , 35 

200 

3r<l  mother  liipior 

335 

1  .00 

209 

atpieous  pha.se)  treated  with  20  volumt's 

of  hot  actdoiu*.  .\fter 

filtration  the 

aceton<‘-a(iu(‘ous  mixturt'  was  rt'duced  t 

o  5.0  ml.  by 

evaporation  in  vacuo 

and  oxtracti'd  3  times  witli  RO  ml.  chloroform.  The  eomhiiKal  chloroform 


(‘xtracts,  containing  1.20X10'’  c.p.m.  or  S2%  of  the  starting  material,  wen* 
evaporated  to  dryness,  th(‘  residue  partitioiu'd  betwiam  pimtane  and  90% 
methanol  and  tlu*  methanol  soluble  material  separati'd  into  “(‘striol,” 
“estrone-estradiol”  and  “neutral”  fractions  as  previously  (h'scribi'd  (1). 
Recovery  at  this  point  was  1.18X10®  c.p.m.,  or  80.5%  of  the  starting 
radioactivity,  with  72%  of  this  in  the  “neutral”  fraction.  Results  on  the 
phenolic  fractions  have  already  been  reported  (4). 

Purification  of  neutral  steroids  on  a  ('elite  column.  Figure  2.  To  tlu^  neutral 
fraction  (847,500  c.p.m.)  were  add(*d  210.7  Mg  of  carrier  androstenediom^ 
and  228.0  /xg  of  carrier  te.sto.sterone.  It  was  then  appli(*d  to  a  10X200  mm. 
Celite  gradient  elution  column.  This  was  eluted  and  analyzi'd  for  radio¬ 
activity  and  carriers  as  described  above  for  the  initial  chromatographic 
purification  on  a  Celite  column  of  the  ketonic  neutral  fraction  from  the 
progesterone-4-C'^  experiment  (Section  A).  The  fractions  were  cut  at  one 
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Fig.  2.  Celite  gradient  elution  chromatograph g  of  the  neutral  Mcroids  from  the  incubation 
of  a  human  ovarg  with  androatcnedione-4-C'*.  TIh“  stationary  jihase  was  90%  methanol, 
the  mobile  pha.se  was  trimethylj)entane  and  the  gradient  was  ethylene  dichloride.  One- 
tenth  of  a  column  volume  was  collected  per  tube  throughout.  Distribution  of  carrier 
sti'roids  and  radioactivity  is  shown  in  the  figure.  Individual  tubes  were  jiooled  as  indi¬ 
cated  and  processi'd  separatidy  as  described  in  the  text. 


tiuitli  coliinm  volumo  per  tiil)o  from  the  start  of  the  (‘liromatog;rapli 
throiigihout  th(‘  colh'ction  of  the  first  gradient.  The  last  iiO  tubes  before  tlie 
first  gradi(*nt  showed  notliing  but  a  gradual  diminution  of  radioactivity 
from  th(*  androstenedione  peak  to  around  200  e.p.m.  per  t\ibe,  and  have 
been  omitti'd  from  Figure  2.  The  last  30  tubes  of  tlu*  first  gradient  and  tlu* 
30  half  column  volume  tubes  of  the  second  gradi(*nt  are  also  omitted  since 
th(\v  show(*d  only  minor  pi'aks  of  radioactivity.  Ninety  percimt  of  the 
radioactivity  applied  to  tlu*  column  was  recovered  before  stripping  it  with 
methanol.  Analyses  for  the  carrier  st(*roids  by  ultraviohd  absorption 
showc'd  smooth  curve's  but  gross  oven'stimates  as  evidenced  by  the  ap- 
pari'iit  recovi'ry  of  considerably  more*  of  ('ach  carrier  than  had  been  applied. 
This  difficulty,  not  encountered  in  any  other  analyses  for  A^-3-ketones  off  of 
C('lite  columns,  was  probably  diu'  to  the  fact  that  this  was  the  only  experi¬ 
ment  in  which  the'  whole  neutral  fraction  (without  partial  purification  by 
flirt h('r  fractionation)  had  been  applied  to  the  column. 

Five  pools  were  made  up  of  tubes  that  corri'sponded  to  pi'aks  of  radio¬ 
activity;  as  shown  in  hdgure  2.  Tula's  4o  through  (it),  which  corn'spoiuU'd  to 
the  carrier  sti'ioid  androsteiu'dione,  containi'd  70%  of  the  radioactivity 
applied  to  the  column  and  40. o%  of  tlu'  androsteiU'dion('-4-C'^  starting 
material.  The.se  tubes  wi'ii'  not  savi'd.  Pools  1,  2  and  o,  which  were  not 
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associated  with  tlie  recovery  of  carrier  steroids,  wen*  set  aside  for  future 
investigation.  The  most  inten'sting  of  these  is  pool  o  which  appears  to 
represent  a  major  metabolite  of  androstenedione-4-C'h  In  its  polarity  off 
the  Celite  colnmn,  it  corr(*sponds  to  pool  5  of  the  C''('lit(‘  colnmn  from  incu¬ 
bated  progesterone-4-C'^  (I’is-  1),  9i^d  also  to  an  unidentified  major  metab¬ 
olite  of  acetate-l-C‘^  which  appean'd  in  the  ketonic,  non-digitonide,  neutral 
fraction  (fi). 

Pool  3  represented  some  radioactive  metabolite  slightly  less  polar  than 
testosterone  which  was  not  separated  from  the  “testosterone”  p(‘ak.  Since 
large  amounts  of  radioactive  estrone  had  bt'en  recovered  and  isolated  from 
the  phenolic  fraction  of  this  incubation  mixture  (4)  it  was  thought  that 
some  estrone,  the  polarity  of  which  is  close  to  that  of  testosterone,  might 
have  been  left  in  the  neutral  fraction  after  phenolic  separation,  A  n'pc'at 
phenolic  separation  on  pool  3,  however,  gave  90%  recovery  of  its  radio¬ 
activity  in  the  neutral  fraction,  thus  eliminating  the  possibility  of  any 
significant  contamination,  in  this  section  of  the  colnmn,  with  radioactive* 
estrone.  The  neutral  fraction  of  pool  3  (4()()0  c.p.m.)  was  set  aside  for  future* 
stnely. 

Purijicntion  of  Testosterone  from  Androstenedione-4-P^*-  Table  4-  Poed  4, 
Fig.  2,  which  containeel  77,200  c.p.m.  or  9.1%  of  the  raelioactivity  applie*el 
to  the  colnmn,  corresponele*el  to  the  (*arrier  steroid  testosterone,  anel  the 
curves  for  radioactivity  anel  ultra  violet  absorption  were  practically  snpe*r- 
imposable  in  the  pe*ak  re*gion.  Because  of  the  possibility  of  contaminatie)n 
with  raelioactive  e'strone,  this  pool  was  first  put  through  2  successive  parti¬ 
tions  betwee*n  benzene: petroleum  e'ther  anel  XaOll  to  remove  phe*ne)lic 
material.  This  involved  some  slight  loss  of  raelioactivity  but  97,5%  e)f  the 
cenints  recov(*reel  from  the  seconel  partition  were  in  the  ne'iitral  fractiem. 
The  next  purification  step  was  acetylation  fedloweel  by  pape*r  chromatog¬ 
raphy.  This  whole  proce*dnre*  was  elone  in  elnplicatee  using  e)ne*-half  of  the 
pe)ol  for  e*ach  run,  in  oreler  to  ge*t  as  (*omplete  acetylation  anel  recovery  as 
possible  of  the  testosterone  carrier.  The  elnplicates,  for  bedh  raelioactivity 
and  carrier,  checke*el  very  close'ly  anel  the  spe*cific  activitie*s  checke'd  almost 
e*xactly.  The  total  recovery  of  counts  in  the  testosterone  acetate  sections 
from  the  pape*r  amonnte*el  to  ()(>%  of  the  raelioactivity  before*  acetylation, 
showing  that  the  bulk  of  the  radioactivity  ran  with  the  carrier  in  both  e)f 
these  proceelnre's.  The  39,300  c.p.m,  in  the  combine*el  ehiates  from  the; 
papers  were  next  incubate*el  in  one  flask  with  a  placental  enzyme  prepara¬ 
tion  known  to  hydrolyze  testosterone  acetate®  anel  convert  it  to  estrone 
(10).  The  chloroform  extract  of  the  incubation  mixture  was  carrie*d  through 
a  phenolic  .separation,  methylation,  purification  of  the  me*thyl  ethe*r  anel 
colnmn  chromatography  as  ele.scribe*el  above  (Section  A),  analyzing  for 
raelioactivity  anel  e*strone  at  (*ach  ste*p.  There  was  a  23%  elrop  in  spe*cifie* 
activity,  indicating  purification  of  the  raelioactive  metabedite,  but  the*  bulk 
of  the  raelioactivity  accompanied  e*strone*,  thus  provieling  fnrthe*r  e*viele*ne*e* 
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Table  4.  Pi  rificatiox  of  hadioactive  testosterone  from  a.\1)Rostenedione-4-(''* 

AM)  CONVERSION  OF  THE  TESTOSTERONE  TO  ESTRONE 


Purification  steps 
(successive) 

Radio¬ 

activity, 

c.p.m. 

Carrier 

steroid, 

MK 

Specific 
activity, 
c.p.m. /ag 

('elite  column  (14  tubes) 

77,200 

* 

430t 

Partition  bet  ween  0.4  N  NaOH  and  Benzene:  petro¬ 
leum  lUher  (1:1) 

Henziuie: petroleum  ether  #1 

1)0,100 

* 

Repeat  above  partition 

Benzene: petroleum  ether  ff2 

54,970 

* 

Acehjlulion  and  paper  chromatography 

Methvlcvclohexane/pro])vlene  glvcol  on  2  striiis 

(Strip  1(1 

17,070 

Ot  .  0 

307 

Strip  ))2 

18,000 

01.0 

305 

luruhated  with  placental  enzyme,  extract  asxayed  for 
estrone 

Phenolic  fraction 

18,700 

00 . 4 

282 

Methyl.ation  and  Nat )H : petroleum  ether  partition 

15,500 

02.8 

248 

.Mumina  column  chromatography 

14,430 

01  .2 

230 

Carrier  estrone  methyl  ether  added 

C.p.m. 

mg 

r.p,m./ni^5 

Pool  as.say 

13,200 

5.78 

2283 

1st  crvstalliz.ation  'crvstals 

10,990 

5.20 

2114 

'  mother  liipior 

790 

0.239 

3305 

2Hd  crvstallizatioiT  Trvstals 

4,310 

1  .90 

2208 

mother  licjuor 

0,990 

3.10 

2255 

*  The  neutral  fraction  ajiplied  to  the  Celite  column  for  this  experiment  had  not  be(  n 
luirified,  as  in  previous  studies  of  neutral  fractions,  by  (4irard  separation  or  dii'itonin  precipi¬ 
tation.  As  a  result,  the  assays  for  the  carriers  by  ultraviolet  absorption  {;ave  gross  overesti¬ 
mates.  This  didiculty  was  not  resolved  until  after  acetylation  and  paper  chromatography  of 
the  testosterone  pool. 

t  Ksti mated;  see  text. 

for  ratlio-rliomical  idontity  of  tlio  starting  material  with  testo.storone.  To 
the  estrone  metliyl  ether  fra et ion  from  the  alumina  column,  carrier  estrone 
mt'thyl  ether  (m.p.  171-172°  C)  was  added  and  two  crystallizations  carried 
out,  analyzing  both  crystals  and  mother  liquor  for  radioactivity  and  fluo- 
rt'.'^eenee.  Constant  specific  activity  was  demonstrated  for  the  pool,  both 
batches  of  crystals  and  the  second  mother  liquor,  indicating  that  the 
radioactive  estrone  methyl  ether,  after  column  chromatography,  was 
essentially  pur(‘. 

The  .specific  activity  of  pool  4  (Fig.  2),  that  was  taken  from  the  Celit(‘ 
column  for  purification  and  identification  of  testosterone,  is  unknown  since 
some  contaminant  gave  gross  overestimates  in  the  ultraviolet  analy.ses.  In 
order  to  obtain  a  base  line  for  purpo.ses  of  comparison,  80%  (180  /xs)  of  tko 
carri(‘r  testosterone  initially  added  was  arbitrarily  used  in  computing  the 
reference  .sp(>cific  activity  of  4d0  c.p.in.  for  the  pool  prior  to  the  purification 
.steps  shown  in  Table  4.  Since  the  final  specific  activity  by  the  time  radio- 
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TaBLK  5.  CoMI’AKATIVK  YIKI.DS  OF  RADIOACTIVK  MKTABOl.ITKS  AS  UKI.ATKI)  To  SI  BSTKATK 


Substratu 

Hadioactive  iiudabolite 

Aeetatf-l-C'* 
222Xl(t«  c.p.m. 

('holesterol-4-C' 
1.4fiXP>«  c.p.m. 

rr(>Kcstcn>nc-4-( 

2 . 12  XIO*  c.p.m. 

.\  ndri  .stciu'di(  inc-4-( '  >• 

1 .40  X10«  c.p.m. 

('liolestcTol 

(!.:«% 

Pregnenolone 

0.0025'^ 

17  liydroxypregnenolone 

O.fXMMiri, 

* 

I4ehydroepiandrost  crone 

0.0040% 

* 

Progesterone 

0.0002% 

17  hydroxyprogesterone 

0.001.3% 

* 

14.8% 

AndrostemKiione 

0.0047% 

.3.7% 

Testosterone 

* 

0.2% 

2.0% 

Kstrone 

0.012% 

0.09% 

.3.5% 

10.9% 

Kstradiol 

0.010% 

2.1% 

4.4% 

Total  estrogen 

0.0.3% 

0.09% 

.5.0% 

15.3' , 

*  Possibly  a  trace;  not  identified. 

chemical  purity  had  been  achieved  was  55%  of  this,  we  may  estimate  that 
the  77,200  c.p.m.  of  pool  4  from  the  Celite  column  represented  about 
42,500  c.p.m.  of  es.sentially  pure  testosterone.  This  would  indicate  a  2.9% 
conversion  of  androstenedione-4-C*‘’  to  radioactive  testosterone  by  incuba¬ 
tion  with  ovarian  tissue. 

Xcutral  Steroids  from  ('holestcrol-4-C^^.  Studies  on  the  neutral  steroids 
from  the  chole.sterol-4-C'^  experiment  were  handicapp(‘d  by  insufficient 
radioactivity  in  the  starting  material.  The  incubation  mixture  was  ex¬ 
tracted  and  fractionated  as  previously  describ(‘d  and  the  ketonic  neutral 
material  separated  into  a  digitonide  and  a  non-digitonide  fraction,  each  of 
which  was  run  on  a  Celite  column.  The  digitonide  fraction  (7100  c.p.m.) 
was  processed  with  the  added  carrier  steroids  pregiumolone,  dehydro(‘pi- 
androsterone  and  17ahydroxy pregnenolone,  and  the  non-digitonide  frac¬ 
tion  (12,000  c.p.m.)  with  the  added  carrier  steroids  progesterone,  andro- 
stenedione  and  17ahydroxyprogesterone.  In  the  'tube  [assays  from  the 
columns  and  in  sub.secpient  purifications,  by  successive  pap<‘r  chromato¬ 
graphs  and  the  formation  of  derivatives,  peaks  of  radioactivity  accompa¬ 
nied  the  carrier  st('roids  dehydroepiandrosterone,  17ahydroxyi)regn(‘nolone 
and  17ahydroxyprog(‘sterone.  Trace  amounts  of  th(\s<‘  metabolites,  less 
than  0.02%  of  the  .starting  radioactivity  may  have  b('(‘n  formed,  but  posi¬ 
tive  identification  was  not  po.s.sible. 

DISCUSSION 

For  the  overall  consideration  of  the  findings  in  tla*  phenolic  and  neutral 
fractions  from  this  series  of  studies  with  human  ovaries,  the  estimated  yii'ld 
of  each  identified  radioactive  product  has  been  calculati'd,  and  is  shown  in 
Table  5.  The  comparative  yields  of  total  estrogiai  are  in  kei'ping  with 
current  concepts  concm-ning  the  biosynthetic  pathway  of  estrogen  forma¬ 
tion,  with  a.scending  yields  as  the  substrate  approaches  the  end  product, 
from  acetate  to  cholesterol  to  progesterone  to  androstenedione  to  estrone 
and  estradiol. 
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A  numhor  of  factors  could  influence  the  accumulation  of  the  neutral 
internu'diate  metabolites,  and  any  interpretation  of  their  comparative 
yields  must  he  speculative.  In  the  acetate-l-C^^  experiment  the  total  yields 
of  A®  'Ai3o\  and  .‘I-ketosteroids  are  about  the  same,  suggesting  that,  from  a 
(piantitative  point  of  view,  either  or  both  of  these  pathways  could  be 
operative.  The  relatively  high  yield  of  cholesterol  from  acetate-l-C*^,  as 
compared  to  the  C21  and  C19  metabolites,  would  suggest  a  rate  limiting 
reaction  in  the  conversion  of  cholesterol  to  pregnenolone.  Once  the  C19 
steroids  have  been  formed,  however,  aromatization  would  appear  to  take 
place  very  readily,  since  the  recovery  of  estrogens  is  relatively  high.  It  is 
not  surprising,  on  this  basis,  that  in  the  cholesterol  experiment,  in  which 
the  starting  radioactivity  was  of  the  same  order  of  magnitude  as  that  in  the 
prog(*steron(‘  and  androstenedione  experiments,  it  was  impossible  to  iden¬ 
tify  the  neutral  intermediates  although  positive  identification  of  estrone  was 
accomplislu'd  (.‘I). 

The  identification  of  testosterone  from  progesterone  and  androstenedione 
is  of  particular  interest  and  confirms  the  recent  report  by  Kase  et  al.  con¬ 
cerning  the  isolation  of  testosterone  as  well  as  androstenedione  from  pro- 
g(‘sterone  and  ITahydroxy progesterone  (9).  The  identification  of  te.sto- 
sterone  as  a  metabolite  of  three  different  neutral  steroids,  progesterone, 
ITahydroxy  progesterone  and  androstenedione,  all  three  of  which  have 
been  isolated  as  endogenous  constituents  of  ovarian  tissue  (7,  8),  lends 
great(‘r  significance  to  testosterone  as  an  ovarian  estrogen  precursor  than 
was  heretofore  possibh*. 

Our  yields  of  androst(Mi(*dione  and  of  testosterone  from  prog(*sterone  ar(' 
of  the  .same  order  of  magnitude  as  those  reported  by  Kase  et  aL,  with 
evidence  for  a  greater  accumulation  of  androstenedione  than  of  the  more 
biologically  active  androg(*n,  testosterone.  The  recovery  of  androsteiK'diom* 
as  a  major  metabolite  of  testosterone  incubated  with  a  variety  of  human 
tissues  has  been  previously  reported  (11).  Throughout  these  experiments, 
as  has  been  observed  in  placental  enzyme  studies  (10),  the  recovery  of 
(‘strone  has  also  been  either  greater  than  or  equivalent  to  that  of  estradiol. 
.Vccumulation  of  the  oxidized  forms,  andro-stenedione,  and  estrone,  rather 
than  of  the  more  biologically  active  reduced  forms,  testosterone  and  estra¬ 
diol,  may  dep('nd  upon  the  equilibria  of  the  dehydrogena.se  reactions  under 
th(*  in  vitro  expcuimental  conditions.  The  ob.served  ratios  of  androstene¬ 
dione  to  testosterone  and  of  e.strone  to  estradiol  in  the  present  studies  could 
be  a  con.sequence  of  the  method  and  not  reflect  ovarian  secretion  as  it 
occurs  in  vivo.  The  17|3ol  dehydrogena.se  reaction  involved  in  the.se  inter¬ 
conversions  is  readily  reversible,  a  characteri.stic  that  differentiates  it  from 
the  A^-A*  isomera.se  reaction,  the  ITahydroxylation,  the  cleavage  of  the 
side  chain,  and  the  aromatization  steps  in  the  bio.synthetic  pathway.  The 
(‘(piilibrium  of  this  n'versible  dehydrogcmase  n'action  might  well  be  easily 
influenced  by  its  environmental  conditions,  both  in  vitro  and  in  vivo. 
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Whatever  the  interprc'tation  of  the  present  data,  they  represent  certain 
(luantitative  and  qualitative  potentials  of  the  ovarian  system  for  estrogen 
formation,  and  provide  a  basis  for  further  detailed  studies  concerning  the 
mechanisms  involved. 
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XOTKS  AND  COMMENTS 

TH1-:  INFLI  ENCK  OF  DIPPIXO  K(iGS  IX  MALE  HOR.MOXE  SOU'TIOXS 
OX  LY.MPHATIC  TISSFE  AXI)  AXTIBODY  RKSPOXSK  OF  ('HK'KEXS' 

ABSTRACT 

Fertile  eggs  were  removed  from  the  incubator  after  three  days  of  incubation  and 
dipped  in  male  hormone  solutions.  The  bursa  of  Fabricius,  a  lympho-ej)ithelial  gland, 
was  markedly  reduced  or  eliminated  by  exposure  to  testosterone  propionate.  The 
antibody  resj)onse  to  Sahnonella  pullonnu  antigen  of  5-week-old  birds  hatched  from 
testosterone  j)ropionate-dipped  eggs  was  eliminated. 

INTKODUCTIOX 

The  present  study  was  umh'rtakeii  to  determine  whether  two  glands  closely  related 
to  lymphatic  tissue,  the  thymus  and  bursa  of  Fabricius,  would  react  the  same  when  ex¬ 
posed  to  male  hormone  during  their  embryonic  develoi)ment.  While  the  function  of  the 
thymus  in  (duckens  is  not  known,  it  now  appears  that  tin*  bursa  of  Fabricius,  a  lympho- 
epithelial  gland,  plays  a  major  role  in  the  antibody  potential  of  the  chicken  (1-d). 

.\1.\TKRI.\LS  .\XI)  MKTMODS 

Fertih‘  eggs  were  dipjual  in  hormonal  solutions  on  the  third  day  (if  incubation.  The  treat¬ 
ment  so'utions  were:  (.\)  2  gm.  of  testosterone  propionate  dis.solved  in  100  ml.  of  ethyl  alco¬ 
hol;  (H)  070  mg.  of  testosterone  projiionate  dis.solved  in  100  ml.  of  ethyl  alcohol;  (C')  070  mg. 
of  dehydroisoandrosterone  dis.solved  in  1  ml.  of  ethyl  alcohol;  and  (1))  ethyl  alcohol.  The 
liointed  (‘iid  of  the  egg  was  dijiped  for  5  seconds  to  a  dejith  of  1  j  inches  (4).  The  temperatures 
of  solutions  and  (>gg.s  were  approximately  10°  C  and  d7.5°  (',  respectively.  .\t  hatching,  12 
(ducks  from  eacdi  group  were  killed  and  at  2  w(‘eks  of  age,  8  chicks  from  each  grouj)  were  killed. 
The  weights  of  the  body,  bursa,  and  th,\  mus  were  recorded.  Differences  between  body  weight 
means  and  gland  weight  means  were  determin(>d  by  the  analysis  of  variance  and  analysis  of 
covariance,  n'spectively  (5).  .\t  5  weeks  of  age,  7  birds  hatched  from  the  alcohol  grouj)  and 
7  birds  hatched  from  (‘ggs  dijijied  in  2  gm.  of  testosterone  were  intravenously  injected  with  1 
ml.  of  a  |)olyvalent  K  Salmonella  puUorum  antigiui.  One  wi‘ek  later,  the  birds  were  bh'd  by 
cardiac  juincture.  The  jilasma  was  colU'ctc'd  and  an  antibody  titer  determined  for  eacdi  bird 
(0).  .Ml  tubes  w('re  read  ti  hours  after  removal  from  the  watc'r  bath. 

RKSULT.S  .\XI)  DISCl'S.SIO.X 

The  body  weight  of  2-week-ol(l  chi(‘ks  liat(died  from  eggs  diiijicd  in  2  gm.  of  testo- 
terone  jirojiionate  was  significantly  lower  than  the  body  weight  of  birds  hat(died  from 
eggs  diiijM'd  in  etliyl  alcohol  (Table  1).  The  nu'an  weight  of  the  bursae  of  (diicks  hat(died 
from  (‘ggs  dijiiK-d  in  male  hormone  solutions  was  significantly  reduced  at  hatching  and  2 
weeks  of  age  (Table  1). 

'  Dijijiing  (*ggs  in  2  gm.  of  testosterone  jirojiionate  resultc'd  in  the  elimination  of  the 
bur.sa  of  Fabricius  in  S  of  12  chicks  at  hatching  and  in  5  of  S  chicks  at  2  w('eks  of  age. 
Dilijiing  eggs  in  ()70  mg.  of  t(‘st()st(*rone  jirojiionate  rc'sulted  in  the  elimination  of  tin* 
bursa  in  1  of  12  chicks  at  hatching  and  in  1  of  8  chicks  at  2  weeks  of  age.  Dipjiing  fertile 
eggs  in  male  hormone  solutions  did  not  significantly  influence  the  weight  of  the  thymus 
at  hatching  or  2  w(*eks  of  age  (Table  1).  The  antibody  titer  of  all  7  of  the  chicks  hatched 
from  eggs  dijijK'd  in  2  gm.  of  tc'stosterone  jirojiionate  was  0.  On  the  other  hand,  the  anti¬ 
body  titer  of  .5  of  the  birds  hatched  from  ('ggs  dipjx'd  in  ('thyl  alcohol  was  1  Did  while  the 
remaining  2  birds  showed  an  antibody  liter  of  1 : 128. 

Received  May  9,  Iflfil. 
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Tablk  1.  The  mean  weichits  ok  the  body,  bursa  ok  Fabricius,  and  thymus  ok 

CHICKS  HATCHED  KROM  EOIiS  DIPPED  IN  MALE  HORMONE  SOLUTIONS  AT  THREE  DAYS 

OP  INCUBATION 


Body 

weiitlit,  gm. 

Bursa  of  Eabri 

I'ius,’  mg. 

Thymus,  mg. 

A  5 

A! 

B2 

A  2 

B2 

Kthyl  alcohol 

44  ±4 

148  +  20 

4r>+  12 

372+  110 

88  +  22 

078±2(M) 

Dehydroisoandrosterono,  (>7(1 

11)12;. /KM)  ml.  ethyl  alcohol 

44  +  4 

148  ±20 

40*  ±  10 

249*+  1.50 

88  +  20 

840±3tK) 

Testosterone  propionate,  070 
mp.  100  ml.  ethyl  alcohol 

44  ±.3 

145  ±  28 

13**+  8 

70*+  75 

85  ±  17 

002  +  222 

Testosterone  propionate,  2  gm./ 
100  ml.  ethyl  alcohol 

41)  +  3 

1 22* +  24 

3.5**+  3.5 

3*  +  3 

85±  17 

.5021225 

A — Wfifshed  at  Imtchin^. 

H — \V(*islu*d  at  2  weeks  of  a^e. 

*  Tlie  testosterone  means  include  all  the  birds,  with  or  without  a  bursa. 

*  .\n  means  were  compared  with  the  ethvl  alcohol  mean. 

**  P<  .01. 

*  P<.05. 


CiKlcr  the  conditions  of  onr  test,  tin*  thymus  and  Imrsu  of  Falnicius  did  not  n'spond 
similarly  to  male  hormone  ex])osures.  A  thiril  lym|)hatic  f^land.  the  spleen,  was  reported 
by  (Hick  and  Sadler  (7)  to  hi'  reduced  in  size  hut  not  eliminated  after  embryonic  exposure 
to  testosterone  iiroiiionate.  Therefore,  the  bursa  of  Fabricius  appears  to  hi'  distinctive  in 
its  sensitivity  of  response  to  testosterone.  The  elimination  of  the  antibody  response  in 
o-week-old  birds  hatched  from  testosterone  jiropionate  dipped  e>>;<'s  conhrms  our  earlier 
rejiort  (7).  It  now  apiiears  that  the  elimination  of  the  antibody  response  in  thi'se  chicks 
can  be  primarily  attributed  to  the  lack  of  a  functioniiifr  bursa. 

Bruce  Glick 

Poultry  Deport  me  nt 
M ississippi  State  I'niversity 
State  College,  Mh.sismppi 
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I’RFA  KNTIOX  OF  (  AU’IPHYLAXIS  BY  HYPOBHYSKCTOM Y‘ 
ABSTRACT 

In  the  rat,  hyjH)i)hyseetomy,  unlike  adrenaleetniny,  prevents  the  intense  eiita- 
ncous  ealeinosis  normally  indueed  by  eertain  ehallengint;  agents  administered  dur¬ 
ing  a  “critical  jM-riod’’  following  systemic  dihydrotachysterol  (DHT)  treatment. 

In  animals  sensitized  hj'  i)retreatinent  with  jtarathyroid  hormone,  dihydrotachj’sterol 
(DHT)  or  other  calcification-promoting  agents,  there  develops  a  state  of  altered  tissue 
reactivity  for  which  the  term  “calcijthyla.xis"  has  been  proposed.  Tliis  condition  is  mani¬ 
fest  only  during  a  brief  “critical  period”  following  the  systemie  administration  of  the 
calcifying  agent.  It  is  characterized  i)y  the  i)recipitous  attraction  of  calcium  (frequently 
conducive  to  sclerosis  or  necrosis)  to  n'gions  treated  with  agents  that  ap|)(“ar  to  act  as 
“vital  mordants”  for  calcium  (1). 

There  exists  no  parallelism  between  the  local  damagt*  (inflammation,  necrosis)  caused 
by  such  mordants  and  tlndr  calcium-attracting  power.  For  instance,  many  strong  irritants 
(eroton  oil,  formalin)  ami  corrosives  (XaOH,  IK'l,  proteases)  are  ineffective,  while  mild 
stimuli  (i)inching  of  the  skin,  very  dilute  solutions  of  egg  white  or  iron  salts)  can  cause 
massive  calciHcation  with  necrosis  during  the  calciphylaetic  state.  \Ve  also  found  no  close 
correlation  between  the  usual  metastatic  calcification  (e.g.,  in  the  cardiovascular  system 
or  kidney)  produced  by  a  systemically  api)lied  calcifier  and  the  ability  of  the  same  agent 
to  induce  a  calciphylaetic  resj)ons»‘  to  tojiically  applied  vital  mordants.  For  (‘xample, 
chronic  heavy  overdosage  with  i)arathyroid  hormone  or  DHT  can  cause  widespread 
metastatic  calcification  without  inducing  tin*  characteristic  local  response  to  mild  irrita¬ 
tion,  while  during  the  “critical  pi'riod,”  precipitous  calcipln  lactic  reactions  can  be  pro¬ 
duced  without  any  noteworthy  calcium  de))osition  outside  of  the  challenged  area.  Thus, 
even  mere  plucking  of  the  hair  or  subcutaneous  injection  of  as  little  as  25  /xg  of  FeC'b 
(either  of  whiclMiormally  j)roduces  no  detectable  sign  of  tissue  injury)  causes  necrotizing 
cutaneous  calcinosis,  but  only  on  the  second  or  third  day  after  the  DHT  administration. 

A  great  variety  of  h'sions  (e.g.,  pancreatic,  splenic,  uterine,  hei)atic,  biliary,  duodenal 
or  salivary  gland  caleificiition  with  subseejuent  necrosis  or  sclerosis)  can  thus  be  produced 
rather  selectively  during  the  calciphylaetic  state  by  the  intravenous  or  intraperitoneal 
administration  of  ajepropriate  challenging  agents  that  exhibit  a  particular  affinity  for 
certain  targed  organs.  These*  observations  have  bee-n  elescribe'd  in  eh'tail  elsewhe*re  (1, 2,  3); 
he*re,  we  shall  re'peert  eenly  upon  experiments  inelicating  that  hypeephyse'ctomy  eompletely 
preete'cts  against  certain  feerms  of  this  type  e»f  abnormal  re>activity. 

M.XTKKI.XLS  -AND  MKTHe)I)S 

Fifty  female  Iloltzman  rats  witfe  a  nu‘an  initial  boely  weight  eef  100  gm.  (range*  05  lOti  gin.) 
we*r(*  siibdivi(li*d  intee  five*  eejeial  grenips  as  inelicateel  in  Tafile  1.  Adrenaleclomies  (costeiverte*- 
1)ral  appreeacli)  and  hi/pophi/xertomien  (j)arapharynge*al  aiijiroacfi)  were*  j)e*rfe)rme*d  unefe*r  etfier 
ani*sthe*sia  on  tfie*  first  efay.  Bre*liminary  ofiservatiems  having  sheewn  that  glucocortie-oiels  do 
met  j)re*ve*nt  e*alcipfiylaxis,  Iriameiuolone  (100  /ig,  in  0.2  ce*.  of  water  sufecutaneously,  eince* 
daily)  was  give*n  for  life  mainte*nance*  -do  the*  aelre*nale*ctomize*el  aiiel  h\’pe)physe*ctennize*d 
animals,  as  well  as  to  one  greeup  of  intact  controls.  DHT  (elihydrotachystere)!,  C’ale-amin®, 
\Vande*r)  was  administered  at  the*  eleese  of  1  mg.  in  0.5  cc.  of  corn  oil,  by  stomach  tube,  once*, 
em  the*  third  elay.  We  alloweel  a  re*st  pe*rie)el  be*twe*en  the  operations  anel  DHT  administration, 
be*caiise*  imme*diati*ly  after  aelre*nale*ctomy  or  hypophysectomy  DHT  is  jeoorly  tole*rate*el. 


Re*ce*iveel  June  .5,  1901. 

'  This  work  was  supporte*el  by  the  Xational  Institutes  of  He*alth,  U.  S.  Public  Health 
Servie*e  (Irants  Xos.  .\-1041(C3),  B-2037(C2),  H-36S8(C3)  and  H-6182;  by  the  Gustavus 
anel  Louise  Pfeiffer  Rese'are*h  Founelation;  by  the  I’.  S.  Army  Medical  Re*se*arch  anel  De*- 
ve*lopme*nt  Command,  Office  etf  the  Surgeon  General,  Contract  Xo.  DA-49- 193-.MD-2()39, 
anel  b}'  Geigy  Pharmaceuticals. 


NOTES  AND  COMMENTS 


Xovember,  1061 


Fig.  1.  Intense  eutaneous  ealeinosis  at  site  of  pluekiiifj;  (calvarium)  and  e»;}i;-\vhite 
injection  (l)ack)  produced  by  DHT  in  intact  rat  (toj)).  These  resiionses  are  comphdely 
inhibited  in  hypophysectomized  animal  (bottom).  The  minor  subcutaneous  calcification 
jiroduced  by  FeCb  is  not  visible  on  skin  surface. 


Twenty-four  hours  after  DHT  administration  (that  is,  durinf;  the  “critical  iieriod")  the 
hair  icas  plucked  over  the  calvarium  in  the  animals  of  all  groups;  immediately  aftm  wards  *2  ee. 
of  a  50%  aipieous  solution  of  egg  while  was  injected  subcutaneously  in  the  lumbar  region  and 
150  mK  of  Fet'b  in  0.2  cc.  of  water  in  the  sacral  region. 

The  e.vperiment  was  terminated  on  the  eighth  day  by  killing  all  surviving  animals  with 
chloroform.  The  intensity  of  the  cutaneous  calcification  was  estimated  in  terms  of  an  arbi¬ 
trary  scale:  0  (no  lesion),  1  (just  detectable  lesion),  2  (moderate  lesion)  and  :)  (maximal  lesion). 
The  mean  readings  are  given  in  Table  1  together  with  standard  errors  and  th(>  pereentual 
mortality  rate. 

RESULTS 

In  the  rats  treated  with  DHT  alone  (Croup  2),  intense  calcification  was  macroscopi- 
cally  visible  in  the  regions  challenged  by  epilation,  egg  white  and  FeC’l.t,  as  soon  as  two 
days  after  this  topical  challenge.  Doth  the  intact  (Group  3)  and  the  adnmalectomized 
(Group  4)  rats  treated  with  DHT  and  triamcinolone  showed  even  somewhat  mon*  pro¬ 
nounced  skin  lesions.  In  addition,  the  adrenalectomized  rats  became  very  ill  and  all  but 
one  of  them  died  before  the  end  of  the  expiuiment.  By  contrast,  the  similarly-treated 
hypophysectomized  rats  (Group  5)  supported  the  treatment  very  well;  all  of  them  sur¬ 
vived  and  none  exhibited  any  calciphylactic  resi)onse  at  the  skin  siti's  challenged  by 
plucking  or  egg  white  (Fig.  1).  FeC'b,  however,  did  elicit  slight  calcification  even  after 
hypo|)hysectomy. 

.\t  this  dose  level,  DHT  produced  oidy  negligible  cardiovascular  and  renal  calcifica¬ 
tion  in  a  few  of  the  intact  and  in  the  one  surviving  adrenalectomized  animal.  No  such 
lesions  occurred  in  the  hypophysectomized  rats.  Histochemical  investigation  of  tissue 
specimens  (fixed  in  alcohol-formol  and  stained  with  the  v.  Kossa-AgNOs  technicpie) 
merely  confirmed  the  macroscopic  findings. 

An  additional  experiment  was  then  performed  to  verify  whether  hypophysectomy 
could  also  protect  against  a  more  chronic  DHT-intoxication.  Ten  normal  and  ten  hy¬ 
pophysectomized  rats  were  treated  as  those  of  Groups  3  and  5  of  the  first  series,  respec- 
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Tablk  1.  Pkeventio.n  of  calciphyeaxis  by  hypophysectomy 


(Iroup 

Systemic  treatment 

1 

Plucking 

'opical  respon.s( 

Egg  white 

*  to: 

FeCI, 

-Mortalit  V 

PA) 

1 

None 

0 

0 

0 

0 

2 

DHT 

2.0+0.17 

2. 2+0. 2 

1  .2+0.20 

0 

3 

DHT  -1- Triamcinolone 

2.8+0.17 

2. 8+0.1 

1.1  +0.10 

0 

4 

DHT-I- Triamcinolone 

3.0* 

3.0* 

1 .0* 

00 

-|-.\drcnalectomv 

5 

1  )HT  -|-Triamcinolone 

t) 

0 

0.0+0.12 

0 

+  Hypoiiliysectomy 

*  Oiip  survivor  only. 


tivply;  but  hero,  DHT  was  niveii  at  the  dose  of  150  /jg  in  0.5  cc.  of  corn  oil,  daily,  from  the 
third  to  the  tenth  days  after  hypophysectomy  and  the  skin  was  stimulated  (plucking, 
EeC'b  ami  egg-white  injection)  on  the  tenth  day.  Since  this  is  not  the  “critical  period,” 
calciphylaxis  was  mild  even  in  the  controls.  Still,  autopsy  on  the  15th  day  again  revealed 
com])lete  sui)prt‘.ssion  by  hypophysectomy  of  whatever  cutaneous  calcinosis  was  other¬ 
wise  induced  l)y  plucking  and  egg  white,  but  only  partial  inhibition  of  that  caused  by 
EeC'U.  The  calcification  of  the  heart  and  renal  cortex,  normally  elicited  by  DHT  under 
tlu'se  conditions,  was  likewise  supi)ressed  by  hypophysectomy;  yet  curiously,  calcifica¬ 
tion  in  the  aorta  and  renal  papilla  was  actually  aggravated. 

niscussio.v 

That  triamcinolone  fails  to  inhibit  the  calciphylactic  response  is  merely  an  additional 
indication  of  the  essential  difference  between  this  form  of  reaction  and  inflammation.  It 
is  esi)ecially  noteworthy,  however,  that  hypophysectomy  offers  such  striking  protection 
against  certain  forms  of  calciphylaxis.  Necrotic  tissue  notoriously  exhibit  a  tendency  to 
calcify,  esiK'cially  when  the  blood  calcium  is  high;  but  calciphylaxis  is  apparently  a  much 
more  active  i)henomonon  that  does  not  depend  merely  ujjon  physicochemical  factors 
governing  the  calcium  avidity  of  necrotic  tissues.  This  view  is  supported  by  the  facts 
that:  (1)  The  challenging  agents  themselves  cause  no  necrosis.  (2)  The  attraction  of 
calcium  goes  far  beyond  the  mere  saturation  of  the  challenged  area;  it  spreads  and  causes 
consideral)le  thickening  of  the  skin  accomj)anied  by  edema  and  secondary  necrosis.  (3) 
The  development  of  calciphylaxis  depends  upon  hormonal  stimuli  of  hypophyseal  origin. 

Further  experiments  are  now  under  way  to  identify  the  hypoi)hyseal  factor  that 
makes  this  rt'action  possil)le. 

Hans  8elye  and  Pierre  Jean^ 

■  lustitut  de  Medeeme  el  de  Chirurgie  experimetdales 
ruivemite  de  Moutreul,  Montre(d,  Cnnadn 
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ERRATA 


In  the  article  by  Villee,  Engel,  Loring  and  Villee,  Endocrinology  69: 
854-372,  1961,  the  name  of  the  compound  appearing  on  page  371,  line  10 
as  3/3,  16a-dihydroxy-5«-pregnane-20-one  should  rc'ad  3a,  16a-dihydroxy- 
5a-pr(*gnane-20-one. 

In  the  article  by  Hall  and  Merrill,  Endocrinology  69:  59()-607,  1961,  tin* 
legends  to  Figs.  1  and  3  should  read  0.15  units  in  place  of  0.1. 5)u  units. 

THE  ENDOCRINE  SOCIETY 

1962  Annual  Meeting 

The  Forty-Fourth  Annual  Meeting  of  The  Endocriiu*  Soci(*ty  will  be 
held  in  the  Palmer  IIousi*,  Chicago,  Illinois,  Thursday,  Friday  and  Satur¬ 
day,  June  21-22-23,  1962. 

Scientific  Sessions  will  lu*  held  from  9:00  a.m.  to  5:00  e.M.  daily,  and  in 
addition  there  will  be  simultaiu'ous  afternoon  .se.ssions.  Tlu*  annual  dinm'r 
is  scheduled  for  Friday,  .lune  22  at  7:30  p.m.  preceded  by  cocktails  at 
6:30  P.M. 

The  Chairman  of  Local  Arrangements  is  Dr.  Allan  T.  Kenyon. 

All  members  are  urged  to  make  their  hotel  reservations  immediately. 
The  Palmer  House  will  hold  300  bedrooms  for  members  until  May  1,  1962, 
after  which  time  the  hotel  will  not  guaranti'e  further  reservations.  Theri'- 
fore  it  is  imperative  that  you  make  your  re.servations  early,  directly  with 
the  hotel  advising  them  of  time  and  date  of  arrival  and  departure.  If  you 
plan  on  remaining  for  the  A.M. A.  Meeting,  please  advise  the  hotel.  Make* 
your  reservations  early  and  avoid  disappointment.  Hotel  resi'rvation  card 
will  be  mailed  to  members  shortly  after  January  1,  19(52. 

Everyone  attending  the  meetings  is  required  to  register.  By  action  of  tin* 
Council,  non-members  will  be  charged  a  registration  fee  of  .S15.0()  for  any 
part  of  the  scientific  se.s.sions.  Members  will  be  charged  a  registration  fee  of 
55.00. 

Graduate  students,  residents  and  interns  and  members  of  the  medical 
departments  of  the  armed  forces  will  be  admitted  upon  presentation  of  pro])- 
er  credentials  CERTIFIED  BY  DEPARTMENT  HEAD  OH  SUPliR- 
INTENDENT  OF  HOSPITAL  and  payment  of  .55.00  registration  f(>(‘. 

Final  program,  membership  card  and  advance  r<‘gistration  forms  will  be 
sent  on  May  15,  19(52  to  members  whose  current  du(*s  have  been  paid. 

Those  wishing  to  present  papers,  which  will  be  strictly  limited  to  ten 
minutes,  should  send  an  original  and  four  copies  of  the  title  and  abstract  to 
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the  Vice-President,  Dr.  Leslie  L.  Bennett,  Dept,  of  Physiology,  University 
of  California  Medical  Center,  San  Francisco  22,  California,  not  later  than 
F'ehruary  lo,  19()2.  It  is  imperative  that  the  abstracts  be  informative  and 
complete  with  results  and  conclusions — not  a  statement  that  those  will  be 
pres(‘nted  at  the  meeting  in  order  that  they  may  be  of  reference  value  and 
suitable  for  printing  in  the  program.  The  reading  and  processing  of  ap¬ 
proximately  two  hundred  abstracts  submitted  each  year  and  compiling 
of  the  program  from  these  involves  a  tremendous  amount  of  time  and 
effort  on  the  part  of  the  Program  Committee. 

Till-:  COUNCIL  REQUESTS  THAT  AUTHORS  ADHERE  STRICTLY 
TO  THE  FOLLOWING  RULES  WHEN  SUBMITTING  ABSTRACTS, 
OTHERWISE  THEY  CANNOT  BE  CONSIDERED: 

1.  IT  IS  ASSUMED  TIL\T  ABSTRACTS  SUBMITTED  FOR  THIS 
PROGRAM  HAVE  NOT  AND  WILL  NOT  BE  SUBMITTED 
ELSEWHERE. 

2.  .\bstracts  may  not  exceed  two  hundred  words,  or  equivalent  space, 
exclusive  of  title.  No  footnotes  or  acknowledgements  to  sponsors  can 
be  publish(*d.  Ref(*renc<*,  if  used,  must  b(>  placed  in  the  body  of  the 
f('Xt.  Th(‘  abstract  should  consist  of  a  single  paragraph,  if  possible. 
Structural  cln'inical  formulas,  graphs  or  extensive  tables  cannot  be 
us(‘d. 

d.  The  title  heading  must  b(‘ arrang(*d  as  follows; 

Line  1.  Title,  not  to  exce(‘d  fifteen  words. 

Line  2.  .Vuthor  s.  The  name  of  each  non-member  author  collaborat¬ 
ing  with  member-authors  is  to  be  followed  by  the  phrase  ‘‘(by 
invitation).”  Names  of  non-members  who  are  introduced,  i.e., 
who  an*  not  collaborators  with  member-authors,  are  to  be 
followed  by  the  phrase  ‘‘(introduced  by  .  .  .).”  The  principal 
degree,  e.g.,  M.D.,  of  each  author  should  be  written  after  his 
name. 

Line  )!.  Institution  of  origin  and  city  in  which  institution  is  located. 

4.  Authors  who  wish  receipt  of  their  abstracts  acknowledged  should  en¬ 
close*  self-addressed  post  card  with  the  title  of  the  abstract  noted 
thereon. 

o.  Authors  are*  also  to  enclose*  3X5  filing  cards,  one  for  each  author,  giv¬ 
ing  his  name  anel  initials  in  the  upper  right  hantl  corner,  anel  the  com- 
ple*te*  title*  of  the*  abstract  with  all  the  authors  liste*d  in  the  center  of 
the  card.  There*  shoulel  be  a  second  card  enclosed  listing  the  title  anel 
all  authors  anel  mailing  address  of  the  senior  author.  This  is  necessary 
for  inele*xing.  Se*nior  authors  will  be  notified  of  the  acceptance  of  their 
papers  for  the  final  program. 
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().  The  body  of  the  abstract,  typed  double  space,  sliould  follow  the  head¬ 
ing.  The  original  copy  should  be  on  bond  paper.  The  original  and  four 
copies  should  be  forwarded  to  Dr.  Bennett. 

7.  Abstracts  should  be  letter  perfect,  since  tiiere  will  l)e  no  opportunity 
for  proof  reading  by  the  authors. 

1962  AWARDS 
Fred  Coxr.\d  Koch  Award 

In  1957  a  substantial  legacy  was  bequeathed  to  the  Society  by  the  late 
Elizabeth  Koch  for  the  purpose  of  estal)lishing  the  Fred  Conrad  Koch 
Memorial  Fund  in  memory  of  her  late  husband,  distinguished  service  pro¬ 
fessor  of  physiological  chemistry  at  the  University  of  Chicago  and  pioneer 
in  the  isolation  of  the  androgens.  This  is  to  be  the  highest  honor  of  the 
Endocrine  Society  and  is  to  be  represented  by  a  medal  that  is  to  be 
known  as  the  Koch  Medal  of  The  Endocrine  Society.  The  medal  and 
honorarium  of  $3,500  is  to  be  given  annually  to  an  individual  for  work  of 
special  distinction  in  endocrinology. 

The  recipient  shall  be  chosen  from  nominations  presented  by  meml)ers 
of  tlie  Society  and  is  limited  to  citizens  of  the  United  States  and  Canada. 
This  award  will  replace  tlie  Medal  of  tlie  Endocrine  Society  which  was 
established  in  1954  and  presented  to  Dr.  Carl  Moore  in  1955,  Dr.  Frederick 
L.  Ilisaw  in  1956,  Dr.  Josepli  C.  Aub  in  1957,  Dr.  I.  L.  Chaikoff  in  195S, 
Dr.  Wilbur  W.  Swingle  in  1959,  Dr.  Emil  Witschi  in  1960  and  Dr.  Law- 
son  Wilkins  in  1961.  The  Endocrine  Medal  replaced  the  E.  R.  Squibb 
Award  which  was  formerly  the  highest  honor  bestowed  by  the  Society. 
Past  recipients  of  the  Scpiibb  Award  were  Dr.  Ceorge  W.  Corner  in  1940, 
Dr.  Philip  E.  Smith  in  1941,  Dr.  Fred  C.  Koch,  1942,  no  award  was  given 
in  1943,  Dr.  E.  A.  Doisy  in  1944,  Dr.  E.  C.  Kendall  in  1945,  Dr.  Carl  O. 
Hartman  in  1946,  Drs.  Carl  F.  and  Gerty  T.  Cori  in  1947,  Dr.  Fuller  Al¬ 
bright  in  1948,  Dr.  Herbert  Evans  in  1949,  Dr.  C.  X.  H.  Long  in  1950,  Dr. 
J.  B.  Collip  in  1951,  Dr.  James  H.  Means  in  1952  and  Dr.  David  Marine  in 
1953. 

The  Ciba  Award 

The  Ciba  Award,  to  recognize  the  meritorious  accomplishments  of  an 
investigator  who  has  not  attained  Ins  36th  birthday  l)y  June  1st  of  the  year 
the  award  is  presented,  in  the  field  of  clinical  or  preclinical  endocrinology, 
was  established  in  1942,  but  no  recipient  was  selected  in  1942  or  1943.  In 
1944  the  Award  was  pre.sented  to  Dr.  E.  B.  Astwood,  1945  Dr.  Jane  A. 
Russell,  1946  Dr.  Martin  M.  Hoffman,  1947  Dr.  Choh  Hao  Li,  1948  Dr. 
Carl  Heller,  1949  Dr.  George  Sayers,  1950  Dr.  Oscar  M.  Hechter,  1951 
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Dr.  Albert  Segaloff,  1952  Dr.  Seymour  Lieberman,  1953  Dr.  Sidney  Rob¬ 
erts  and  Dr.  Clara  Szego  (Mrs.  Roberts),  1954  Dr.  Isadore  M.  Rosenberg, 
1955  Dr.  .Jack  Gross,  1956  Dr.  Alfred  M.  Bongiovanni,  1957  Dr.  Nicholas 
S.  Halmi,  1958  Dr.  Monte  Arnold  Greer,  1959  Dr.  Gordon  L.  Farrell,  1960 
Dr.  Don  H.  Nelson  and  1961  Dr.  Ernst  Knobil.  Prior  to  1952  the  Award 
was  81,200.  It  has  now  been  increased  to  82,500. 


The  Ayerst  and  the  Squibb  Fellowships 

The  Ayerst  Fellowship  was  established  in  1947  and  the  Squibb  Fellow¬ 
ship  in  1956.  They  are  designed  to  assist  men  or  women  of  exceptional 
promise  in  furthering  their  adv’ancement  towards  a  career  in  endocrinol¬ 
ogy.  Each  Fellowship  is  awarded  on  alternate  years  and  the  stipend,  which 
will  not  exceed  87,500  may  be  divided  into  two  Fellowships  in  varying 
amounts  in  accordance  with  the  qualifications  of  the  appointees.  Indi¬ 
viduals  possessing  the  M.D.  or  Ph.D.  degree,  or  candidates  for  either  of 
these  degrees,  are  eligible  for  appointment. 

Applicants  must  submit  the  following  information: 

1.  Evidence  of  scientific  ability  as  attested  by  studies  completed  or  in 
progress. 

2.  Recommendations  from  individuals  familiar  with  the  candidate  and 
his  work. 

3.  A  proposed  program  of  study. 

4.  Acceptance  of  the  individual  by  the  head  of  the  department  in  which 
the  Fellowship  will  be  held. 

5.  A  statement  that  he  or  she  will  serve  full  time  if  awarded  a  Fellow¬ 
ship.  A  small  amount  of  time  (10  to  15  per  cent)  may  be  spent  in 
course  work  or  participation  in  teaching,  the  latter  purely  on  a  volun¬ 
tary  basis. 


The  Upjohn  Awards 

The  Council  of  The  Endocrine  Society  has  approved  a  change  in  status 
of  the  Upjohn  Scholar  to  that  of  The  Upjohn  Awards. 

There  will  be  two  awards  in  the  amount  of  81,250  each,  one  for  the  best 
article  in  format  and  content  printed  in  ENDOCRINOLOGY  and  one  in 
THE  .JOURNAL  OF  CLINICAL  ENDOCRINOLOGY  AND  METAB¬ 
OLISM  during  the  preceding  year. 
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Awardees  will  he  chosen  by  the  Awards  Committee  at  its  r('f5ular  meeting 
in  November  of  each  year. 


NOMINATIONS 

Nominations  for  the  Fr(*d  Conrad  Koch  Award,  the  Ciba  Award,  and 
the  Ayerst  and  Squibb  Fellowships  may  In*  made  l)y  any  memlK*r  of  The 
Fndocrine  Society.  They  should  b(>  submitt(‘d  on  forms  which  may  lx*  ob- 
taiiu'd  from  the  Office  of  the  Secretary,  1200  North  Walker  Stre(‘t,  Okla¬ 
homa  City  Oklahoma.  Completed  nominations  should  lx*  returned  to  tlx* 
Secretary  not  later  than  October  15  each  year. 
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KXD()CmX()LO(;Y  STUDY  SECTIOX 


Tli(‘  I'juloorinolofiy  Study  Section,  Division  of  Research  (irants,  Xa- 
tional  Institutes  of  Healtli,  lias  the  following  purified  radioactive  steroids 
available  for  distribution  to  (pialific'd  investigators,  fn'e  of  chargi'  exc(‘pt 
for  So. 00  per  ampuh*  to  cov<*r  handling  and  shipping.  The  materials  are 
ston'd  at  Tracerlab,  Inc.,  Waltham,  Massachusetts,  and  tlu*  recipii'iit  will 
!)('  bilh'd  by  Traci'ilab  at  tin*  rate*  of  So. 00  pc'r  ampuh*. 


Material 


Hatch 


Mydrocortisoiii*  4-(''’ 
Ilydrocortisoiie  4-('‘* 
('orticosteroiie  4-C'“ 
Corticosterone  4-(''* 
7-’H  Aldosterone 
7-'’H  Cortisol 


KS-F-10-1 

KS-F-50-1 

FS-R-io-l 

i:S-U-.50-l 


Speeijic  Activitii 

8.7  Me /ms 

42.4 

22.8  Me/ing 

44.4  Me/nig 
20.  Me /mu 
28.  Me  mK 


Investigators  may  obtain  suiiplit's  of  these  mati'iials  by  sending  a  brief 
(h'seription  of  the  propost'il  usage,  together  with  an  estimate  of  tlu*  amount 
of  materials  retpiirt'd.  RetpU'sts  are  filled  as  promptly  as  possibh'  aftt'r  a 
rt'vit'w  by  the  Committee  on  Radioactive  Hormone  Distribution. 

The  4-C'^  compounds  are  seah'tl  in  ampules  containing  o  m",  10  nv,  or 
2.)  iJLV  each,  in  a  solution  of  0o%  bt'iizt'ne  and  o%  methanol,  and  an*  about 
0()%  pun*.  The  7-HI  steroids  are  also  in  a  .solution  of  benzene  and  methanol, 
tlu*  Aldost(*rone  .s(*aled  in  OO-mc  ampules,  and  the  Cortisol  in  30-mc  ampules. 
Inv<*stigator.*4  an*  cautioiu'd  to  calibrate  <*ach  batch  of  material  before  use. 

The  applicant’s  Atomic  Uiu'igy  Commi.ssion  n*gi.stration  numb(*r  gov- 
(*rning  the  use  of  isotopic  materials  should  accompany  all  recpiests.  In  addi¬ 
tion,  a  vouch(*r  number  or  purcha.'<(*  order  c(*rtifying  that  the  handling 
charg(*s  will  be  paid  to  Trac(*rlab,  Inc.,  tog(*ther  with  the  (*xact  address  of 
tlu*  applicant,  would  lu*  appreciatc'd.  This  will  avoid  lo.ss  or  undue  delay, 
and  will  assist  Trac(*rlab  in  colh'cting  tlu*  handling  charge  due  them  for 
proc<*ssing  mat(*rials. 

R(*(pu*.sts  for  the.se  compounds  should  lu*  submitt(*d  to: 

Morris  M.  CJratT,  Executive  Secretary 
lOndocrinology  Study  Section 
Division  of  Re.search  (Irants 
Xational  Institutes  of  Health 
B(*th(*sda  14,  Maryland 

The  Endocrinology  Study  Section,  Division  of  Research  (Irants,  Xa¬ 
tional  Institutes  of  Health,  has  the  following  highly  purified  pituitary  hor¬ 
mones  available  for  distribution  free  to  qualified  investigators: 

(Irowth  Hormone,  bovine,  non-sterile,  for  animal  experiments  only. 

Hulk;  dispensed  as  requested. 
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Follicle-stimulating  hormone,  ovine,  sterile  preparation.  2o  mg.  vials 
for  experiment ;  5  mg.  vials  for  assay  standard. 

Prolactin,  ovine,  sterile  preparation.  2o  mg.  vials. 

Investigators  may  obtain  supplies  of  these  hormones  by  sending  a  brief 
description  of  the  proposed  usage,  together  with  an  estimate  of  the  amount 
of  materials  required.  Hecpiests  an*  filled  as  promptly  as  possible  from 
supplies  maintained  by  Dr.  A.  K.  Wilhelmi  of  h]mory  University,  Atlanta, 
(Jeorgia,  after  review  by  the  Committee  on  Hormone  Distribution.  These' 
hormones  are  prepared  and  distributed  under  a  program  gc'iu'i-ously  sup¬ 
ported  by  the  National  In.stitutes  of  Health. 

Requests  for  these  materials  should  be  submitted  to; 

Morris  M.  draff,  Fxecutive  Secretary 
I'indocrinology  Study  Se'ction 
Division  of  Ib'search  (Jrants 
National  Institutes  of  Health 
B('thesda  14,  Maryland 


The  Van  Meter  Prize  Award  for  1902 

The  American  Thyroid  Association,  Inc.  again  offers  the  Van  Meter 
Prize  Award  of  SoOO.OO  to  the  essayist  submitting  the  best  manuscript  of 
original  and  unpublished  work  concerning  “(loiter — especially  its  basic 
cause.”  The  studies  so  submitti'd  may  relate  to  any  aspect  of  the  thyroid 
gland  in  all  of  its  functions  in  hi'alth  and  disi'a.'^e.  The  Award  will  lx*  made 
at  the  Annual  Meeting  of  the  Association  at  the  Roosevi'lt  Hotel,  N('w 
Orleans,  Louisiana,  May  9-12,  1902.  A  place  on  the  program  will  be  re- 
servi'd  for  the  winning  ('ssayist  if  he  can  attend  the  mei'ting.  W'hen  more 
than  one  author’s  name  appi'ars  on  the  manuscript  the  authors  will  be 
asked  to  de.signate  a  single  recipient  to  receive  the  award. 

The  competing  essays  may  cover  either  clinical  or  research  investiga¬ 
tions,  should  not  exceed  3000  words  in  length  and  must  be  presented  in 
1‘higlish.  Duplicate,  typewritten  copies,  double  spaced,  should  be  sent  to  the 
Secretary;  Theodore  Winship,  M.D.,  430  N.  Michigan  Ave.,  Chicago  11, 
Illinois,  not  later  than  January  1,  1962.  The  committee  who  will  review 
the  manuscripts  is  composed  of  men  well  qualified  to  judge  the  merits  of 
the  competing  essays. 
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THE  WORLD  MEDICAL  ASSOCIATION 

The  United  States  Committee  of  The  World  Medical  Association  is 
sponsorinp;  a  project  to  send  used  medical  journals  to  physicians  in  Asia. 
Sp(‘cialty  journals  are  needed,  particularly  this  one. 

If  you  wish  to  participate  in  this  doctor-to-doctor  program,  please  write 
to  The  World  Medical  Association,  United  States  Committee,  10  Colum- 
Inis  Circle,  New  York  19,  N.  Y.,  listing  the  journal(s)  you  wish  to  con¬ 
tribute. 


